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1. Background
At the RAN#98 meeting, it was agreed that enhanced sidelink operation on FR2 licensed spectrum will continue in Rel-18. The objective is following [1]:
	3. 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.



In this contribution, we provide our views on beam management aspects of enhanced sidelink operation on FR2 licensed spectrum.

2. Initial beam-pairing
At the RAN1#112bis-e meeting, basic procedures of initial beam-pairing before, during, and after unicast-link establishment were identified for further study. In this section, we provide our analysis and proposal on the procedures. More specifically,
· Section 2.1 presents our view on detailed procedure for initial beam-pairing before unicast-link establishment
· Section 2.2 explains how initial beam-pairing during unicast-link establishment should look like:
· Basic option is presented in Section 2.2.1. We point out that the overhead for this option is high and enhancements are necessary.
· Two variants are further described in Section 2.2.2, aiming at improving efficiency.
· Section 2.3 compares the overhead of candidate procedures for initial beam-pairing before/during unicast-link establishment.
· Performance benefit of using periodic RS for initial beam-pairing is demonstrated.
· In Section 2.4, the feasibility issue of initial beam-pairing after unicast-link establishment is presented.

2.1 Initial beam-pairing before unicast-link establishment
At the RAN1#112bis-e meeting, following was agreed for initial beam-pairing before unicast-link establishment:
	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 addition, regarding the RS used for initial beam-pairing, following agreements were achieved.
	Agreement
To study the feasibility of adapting S-SSB for initial beam pairing between UE1 and UE2, at least the following can be considered.
· Whether/how to enable UE2 to identify UE1 (e.g., source ID) from UE1’s S-SSB transmission, to enable UE1 to identify the corresponding beam measurement/reporting from UE2  
· Mapping between S-SSB transmission/resource and beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Structure and contents of S-SSB
· Triggering and/or activation of S-SSB transmission, if needed
· Mechanism for S-SSB monitoring and reporting/responding
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different UEs, including S-SSB transmission resources
· Potential impact to/from other UEs, and whether/how to avoid or mitigate this impact

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



In Section 2.1, we present detailed procedure of initial beam-pairing before unicast-link establishment. Overall procedure is illustrated in Fig. 1. In short, the procedure is based on the existing Uu beam management concept that employs:
· (1) Periodic RS transmission for Tx UE’s beam-sweeping, and 
· (2) Beam-resource association (similar to Uu SSB-PRACH) for Rx UE’s preferred beam identification.
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Fig. 1	Procedure of initial beam-pairing before unicast-link establishment 


2.1.1	Step 1 ‘UE1 sends reference signals via different transmit beams’
As already captured in the agreement, the first step is that a UE (UE1) transmits reference signals via different transmit beams. The RS transmissions via different transmit beams (= an RS burst) should be confined within a short period of time for overhead saving, and then the RS burst should be repeated multiple times so that a receiving UE (e.g., UE2) can also sweep its receiving beams over the multiple RS bursts. 

Such repetitions should be periodic in time domain due to multiple reasons, e.g.: (1) a receiving UE (e.g., UE2) needs to sweep receiving beams to select a good one for subsequent communication – using aperiodically/irregularly transmitted RS bursts for this purpose is not preferred; (2) the periodically transmitted RS bursts can be re-used for beam failure recovery for UE(s) that has already established unicast-link(s) with UE1, and so on. In general, periodic RS transmisison is consistent with SSB transmission/monitoring procedure in Uu. The periodicity of the RS burst and RS resources in an RS burst can be defined or (pre)configured.
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Fig. 2	Periodic transmission of RS burst

There is an FFS on when (or from who) the RSs are sent. This can be up to the UE1’s decision or implementation, but there should be two typical cases: (1) UE1 wants to establish a unicast-link with another UE, and hence transmits the RS – this could be a typical smartphone type UE; (2) UE1 is a hub/router type device of a star topology and wants to see if there is another UE who wants to establish a unicast-link with UE1.

Proposal 1-1-1:
· In the step 1, UE1 transmit RSs via different transmit beams (= an RS burst) in a short period of time
· The RS burst is repeated over time in periodic manner
· The periodicity of the RS burst and RS resources in an RS burst can be defined or (pre)configured
· UE1 can be either:
· a UE that wants to initiate unicast-link establishment procedure with another UE
· E.g., typical commercial sidelink device
· a UE seeing if there is any UEs that wants to  establish unicast-link with the UE
· E.g., hub type device in star topology

When UE1 transmits the RSs via different transmit beams, there could be other UEs around UE1, including UEs that are not relevant to the service or communication with UE1. Those UEs do not need to proceed initial beam-pairing and hence should be filtered out to begin with from the procedure as much as possible. This can be realized by using a certain higher layer parameter(s) or ID(s), that is/are known/acquired by the relevant UEs, to determine the RS configuration/sequence. 

One option is to define or (pre)configure mapping between RS configuration/sequence and a certain higher-layer parameter(s) or ID(s) that will be relevant to the subsequent unicast-link establishment procedure, such as source-ID/destination-ID or application layer ID used for the unicast-link establishment [3]. A receiving UE selectively monitors periodic RS based on the RS configuration/sequence derived from the higher layer parameter(s) or ID(s). This is similar to the use of source-ID/destination-ID in a SCI format 2 in today’s sidelink. An SCI format 2 has source-ID and destination-ID fields that carry parts of 24-bit source-ID and 24-bit destination-ID, which allows a receiving UE to identify whether the SCI format 2 is potentially relevant to the UE. By ensuring enough amount of RS configurations/sequences with proper design of ‘search space’ for each Rx UE, it is possible to ensure sufficiently low probability of false beam-pairing.

Proposal 1-1-2:
· To avoid irrelevant UE’s beam-pairing procedure,
· A certain higher layer parameter(s) or ID(s) that is/are known/acquired by relevant UEs are used to derive the RS configuration/sequence
· E.g., Define or (pre)configure mapping between RS configuration/sequence and higher-layer parameter(s) or ID(s) that is/are known/acquired only by relevant UEs for the unicast-link communication
· FFS: how/which parameter(s)/ID(s) is used

There could be multiple UEs who would transmit RSs via different transmit beams for initial beam-pairing in one area. In network-controlled scenario (i.e., in Uu coverage), the network can manage the resources for RS transmissions from UEs such that collision can be avoided. In the other scenario (i.e., out-of-coverage), each UE has to select its resource for RS transmissions at the beginning of initial beam-pairing and then use the resources in a periodic manner. Further investigation/evaluation is necessary to see if simple resource selection (e.g., random) suffices, or a certain resource selection scheme is necessary.

Proposal 1-1-3: 
· Resource coordination among multiple different Tx UEs is realized by:
· Opt. 1: network controlled periodic resource configuration (in case of Uu coverage)
· Opt. 2: UE-based resource selection + periodic transmissions

For the RS, it was agreed to consider S-SSB and SL CSI-RS as candidates. Before considering details, it should be a common understanding that the RS for initial beam-pairing is not for T/F synchronization or sidelink MIB delivery. These should be provided by legacy S-SSB from SyncRefUE, if necessary. 

Proposal 1-1-4: 
· RAN1 to confirm the RSs in the step 1 is not served for T/F synchronization or sidelink MIB delivery
· These should be provided by GNSS, gNB, or by legacy S-SSB from SyncRefUE

For the S-SSB option for initial beam-pairing, the RS based on S-SSB can no longer be legacy S-SSB. For example, it is clear that the RS based on S-SSB here should not carry PSBCH. Whether the RS comprises both PSSS/SSSS or only SSSS would depend on how many RS configurations/sequences are necessary. As mentioned in Proposal 1-1-2, the configuration/sequence for the RS should be based on a higher-layer parameter(s) or ID(s) that is/are relevant to the subsequent unicast-link establishment. For the SL CSI-RS option for initial beam-pairing, scrambling ID, time-domain location, frequency-domain location, etc, can be used to derive the RS configurations/sequences. One SL CSI-RS resource spans only one or two OFDM symbols.

As understood from the above, it is clear that whether the RS is based on S-SSB or SL CSI-RS is a matter of waveform of the RS. In either case, the RS should be designed such that RS transmissions via different transmit beams are confined within a short period of time and are repeated in periodic manner. In other words, whether the RS is based on S-SSB or SL CSI-RS does not impact on the initial beam-pairing procedure.

Proposal 1-1-5: 
· If the reference signal is based on S-SSB, 
· The RS does not carry PSBCH
· The RS can be composed of SSSS (and potentially PSSS), where:
· The RS configurations/sequences are determined based on a higher-layer parameter(s)/ID(s)
· Each RS associated with a transmit beam occupies a limited (e.g., 1 or 2) symbols of a slot
· If the reference signal is based on SL CSI-RS,
· The RS configurations/sequences are determined based on a higher-layer parameter(s)/ID(s)
· Each RS associated with a transmit beam occupies limited (e.g., 1 or 2) symbols of a slot

To enable efficient RS transmissions via different transmit beams, the RS should be stand-alone (i.e., not associated with SL data, SL MAC-CE). It is preferred that the RS is even not associated with SCI(s) – otherwise, the RS monitoring for initial beam-pairing would require UE to monitor SCI(s) over the beams as well. 

Proposal 1-1-6: 
· The RS for initial beam-pairing should be transmitted periodically in stand-alone manner
· I.e., the RS is not associated with SL data, SL MAC-CE, or SCI(s)


2.1.2	Step 2 ‘UE2 measures the reference signals and determines a UE1 transmit beam and/or a UE2 receive beam’
As described in Step 1, it is necessary to design RS configuration/sequence such that UE2 can proceed step 2 only if  the RS from UE1 is potentially relevant to UE2. 

In Step 2, UE2 measures RS from UE1 and determines a receive beam for a particular RS among the RS transmissions from UE1. Then, UE2 derives its transmit beam towards UE1 from the determined UE2 receive beam. The derivation is based on the UE2’s Tx/Rx beam correspondence. 

Proposal 1-1-7: 
· Step 2 is realized as follows:
· UE2 monitors RSs based on the configuration/sequence that could be relevant to UE2 
· Through measurement of the one or multiple periods of RS transmissions from UE1, UE2 determines its receive beam for a selected RS from UE1
· In addition, UE2 derives its transmit beam from the determined UE2 receive beam according to Tx/Rx beam correspondence


2.1.3	Step 3 ‘UE2 indicates to UE1 the determined UE1 transmit beam’
After step 2, UE2 needs to inform to UE1 of its presence and UE2’s selected RS from the multiple RSs with different transmission beams from UE1. This should be enabled by using Uu SSB – PRACH association concept. To enable the indication from UE2 to UE1, ‘beam-pairing response signal’ should be introduced. A number of resources for ‘beam-pairing response signal’ with each resource being associated/mapped with each resource of RS transmission from UE1 in step 1 is defined or (pre)configured. UE2 transmits the ‘beam-pairing response signal’ to UE1 using the resource associated/mapped with the resource of RS transmission from UE1 that is selected by UE2 in step 2. UE1 monitors the resources for ‘beam-pairing response signal’ using different receive beams. To monitor a resource of ‘beam-pairing response signal’, UE1 uses a receive beam that is derived from the UE1 transmit beam that was used to transmit the RS associated/mapped to the resource of the monitored ‘beam-pairing response signal’. The receive beams are derived from the UE1 transmit beams based on the UE1’s Tx/Rx beam correspondence. 

Proposal 1-1-8: 
· Step 3 is realized as follows:
· ‘beam-pairing response signal’ is introduced to let UE2 to inform its presence and selected RS to UE1
· Mapping b/w a resource for ‘beam-pairing response signal’ to UE1 and a RS from UE1 is defined or (pre)configured (similar to Uu SSB-PRACH association)
· UE2 transmits a ‘beam-pairing response signal’ on the resource associated with the selected RS in step 2
· UE1 monitors the resources for ‘beam-pairing response signal’ using the beams that were used for the RS transmissions
· UE1 receive beams for monitoring the resources for ‘beam-pairing response signal’ are derived from UE1 transmit beams according to Tx/Rx beam correspondence
· By detecting the beam-pairing response signal from UE2, UE1 identifies that there is UE2 for potential unicast-link establishment and preferred UE1 transmit beam for the UE2

Regarding the ‘beam-pairing response signal’, since the signal just indicates the presence of receiving UE and the preferred beam based on the resource of the signal detection, the signal does not need to carry payload (similar to Uu PRACH). For example, this can be an RS such as CSI-RS or a PSFCH. 

Proposal 1-1-9: 
· Regarding the ‘beam-pairing response signal’ in step 3,
· The signal does not have to carry message payload (e.g., can be an RS or PSFCH)

The overhead in terms of the number of OFDM symbols necessary for initial beam-pairing can be denoted as
,					(1)
where NW and MW are the number of beams for IBP at UE1 and UE2, respectively. RSW is the number of OFDM symbols for the RS per beam transmitted by UE1, RESPIBP is the number of OFDM symbols for ‘beam-pairing response’ associated with a particular Tx beam of UE1. For ‘beam-pairing response’, (Nw x RESPIBP) symbols are necessary in total in case the number of Tx beams of UE1 is Nw. InitMsg and RespMsg represent the number of symbols for the transmission/reception of initiating message and its response message, respectively.


2.2 Initial beam-pairing during unicast-link establishment
At the RAN1#112bis-e meeting, following was agreed for initial beam-pairing during unicast-link establishment:
	Agreement
RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends PSCCH/PSSCH that carries unicast link establishment message (e.g., DCR message) via different transmit beams 
· Note: multiple PSCCH/PSSCH transmissions (e.g., repetitions) from each of the beams can be studied.
· FFS: applicable reference signals which are transmitted together with unicast link establishment message.
· if UE2 successfully decodes one (or more) of the PSCCH/PSSCH(s) and UE2 determines to establish a unicast link with UE1, it indicates to UE1 one (or more) UE1 transmit beam(s) of PSCCH/PSSCH(s) which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· FFS: how to map between each PSCCH/PSSCH and UE1 transmit beam
· FFS: how UE2 determines UE1 transmit beam(s) and/or UE2 transmit/receive beam(s)
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure with UE2
· FFS: how UE1 determines one of the indicated beam(s) 
· FFS: use of additional reference signal or additional messages or additional measurement for efficient beam pairing.



In Section 2.2.1, we briefly explain our understanding of basic procedure for initial beam-pairing during unicast-link establishment procedure. In our understanding, the procedure is quite inefficient in terms of overhead, and some enhancements are necessary. Therefore, we present variants that improves the efficiency in Section 2.2.2

2.2.1	Basic option
Simple approach of initial beam-pairing during unicast-link establishment is to use PSCCH/PSSCH transmissions/receptions directly. This requires repetitive transmission of messages using PSCCHs/PSSCHs via different transmit beams, and further repetitions are necessary to enable receive beam-sweep at receiving UEs. The repeated transmissions should be periodic so that a receiving UE can sweep the receiving beams appropriately. 

The procedure is illustrated in Fig. 3. UE1 transmits a message via PSCCHs/PSSCHs using different transmit beams. Similar to step 1 of initial beam-pairing before unicast-link establishment, this has to be further repeated multiple times to enable receiving UE to determine a receive beam. Then, UE2, who has received the message on a PSCCH/PSSCH from UE1 using a UE2 receive beam, determines its transmit beam toward UE1. UE2’s transmit beam is derived from UE2’s receive beam based on Tx/Rx beam correspondence, similar to step 2 of initial beam-pairing before unicast-link establishment that uses Uu SSB – PRACH association concept.

Similar to Step 3 of initial beam-pairing before unicast-link establishment, UEs must have common understanding on mapping/association between a resource for PSCCH/PSSCH from receiving UE to UE1, and a resource for PSCCH/PSSCH from UE1 to receiving UE(s). The mapping/association has to be defined or (pre)configured. UE1 monitors resources for the PSCCHs/PSSCHs from receiving UE using receive beams that were used to transmit PSCCHs/PSSCHs from UE1. Such receive beam derivation from transmit beam is based on the Tx/Rx beam correspondence.
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Fig. 3	Initial beam-pairing during unicast-link establishment (basic)

Proposal 1-2-1:
· Establishing beam-pair by using PSCCH/PSSCH transmissions/receptions
· UE1 repeats PSCCH/PSSCH via different transmit beams
· The repetitions for different transmit beams is further repeated so that UE2 can sweep receiving beams
· UE2 receives PSCCH/PSSCH from UE1 and based on that the UE2 determines UE2 receive beam
· Further, UE2 transmit beam is derived from the determined UE2 receive beam according to Tx/Rx beam correspondence 
· UE2 transmits a response PSCCH/PSSCH to UE1 using the UE2 transmit beam on the resource associated with the received PSCCH/PSSCH from UE1
· Mapping/association between a resource for response PSCCH/PSSCH to UE1 and a resource for transmission of PSCCH/PSSCH from UE1 is defined or (pre)configured (similar to Uu SSB-PRACH association)
· UE1 monitors the resources for PSCCH/PSSCH reception using receive beams derived from transmit beams that were used for PSCCH/PSSCH transmissions
· UE1’s receive beams derivation from UE1’s transmit beams is according to Tx/Rx beam correspondence
· By detecting the response PSCCH/PSSCH from UE2, UE1 identifies that there is UE2 for potential unicast-link establishment and preferred UE1 transmit beam for the UE2

The overhead for the above procedure can be analyzed in the same way as for initial beam-pairing before unicast-link establishment. PSCCH/PSSCH has to be transmitted/repeated (Nw x Mw) times. Further, Nw occasions for response message transmission from UE2 to UE1 should be reserved, so that UE1 can identify the transmission beam the UE2 selected. The corresponding overhead in terms of the number of OFDM symbols is given by
.							(2)

The above indicates that initial beam-pairing during unicast-link establishment requires a large number of repetitions for initial message or response message of a unicast-link establishment procedure. As we will demonstrate in Section 2.3, the overhead is quire high in this case. In Section 2.2.2, we present some enhancements to improve the efficiency.

2.2.2	Variants of initial beam-pairing during unicast-link establishment
Variant 1: Introducing ‘beam-pairing response signal’ for efficient beam determination at UE1.
The efficiency can be improved by using reference signal, instead of PSCCH/PSSCH transmission/reception, for initial beam-pairing, when beam-sweeping is necessary. One way is to introduce ‘beam-pairing response signal’ that has been presented in Step 3 of initial beam-pairing before unicast-link establishment. The idea is define or (pre)configure a number of resources for ‘beam-pairing response signal’ before response PSCCH/PSSCH from UE2 to UE1. Assuming ‘beam-pairing response signal’ spans only one or a couple of OFDM symbols, the overhead for UE1’s receive beam sweep for initial beam-pairing becomes much smaller. Here, only UE that successfully decoded the PSCCH/PSSCH(s) from UE1 and determined to establish a unicast link with UE1 will transmit the ‘beam-pairing response’ signal.
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Fig. 4	Initial beam-pairing during unicast-link establishment (variant 1)

By introducing ‘beam-pairing response signal’, PSCCH/PSSCH transmission that carries response message from UE2 to UE1 does not need to reserve multiple resources for UE1’s receiving beam-sweeping. Instead, the number of resources for ‘beam-pairing response signal’ is used for the purpose. Therefore, the overhead can be derived as
.						(3)

Variant 2: Introducing periodic RS for Rx beam identification at UE2
The second variant is to introduce periodic RS transmitted by UE1 with different transmit beams. The periodic RS is used to let UE2 to identify select/determine UE2 receive beam for communication with UE1. With this, the number of repetitions of UE1’s PSCCH/PSSCH carrying initiating message can be reduced (since UE2 receive beam is already identified). Similarly to the proposal of periodic RS for initial beam-pairing before unicast-link establishment, the periodic RS should be designed such that irrelevant UE’s beam-pairing is avoidable. 
[image: ]
Fig. 5	Initial beam-pairing during unicast-link establishment (variant 2)

The number of repetitions of initiating message can be reduced from (Nw x Mw) times to Nw times. Combining the use of periodic RS with the ‘beam-pairing response signal’ for initial beam-pairing during unicast-link establishment, the overhead can be derived as
.				(4)

Proposal 1-2-2:
· Consider using reference signals for initial beam-pairing during unicast-link establishment
· ‘beam-pairing response signal’ to reduce overhead for beam sweeping at UE1
· ‘periodic RS transmissions via different transmit beams’ to reduce overhead for beam sweeping at UE2

2.3 Overhead comparison for initial beam-pairing before/during unicast-link establishment
So far, we presented four options for initial beam-pairing before/during unicast-link establishment in 2.1 and 2.2:
1. Initial beam-pairing before unicast-link establishment (Eq. (1))
2. Basic approach of initial beam-pairing during unicast-link establishment (Eq. (2))
3. Variant 1 of initial beam-pairing during unicast-link establishment (Eq. (3))
4. Variant 2 of initial beam-pairing during unicast-link establishment (Eq. (4))

Here, the overhead for these options are compared.

Required overhead (in terms of the number of OFDM symbols) as a function of the number of beams at UE1 and UE2 (Nw x Mw) derived in Eqs. (1) – (4) are plotted in Fig. 6. For all the options, RSw = 2, RESPIBP = 2, InitMsg = 14, and ResMsg = 14 are assumed. From the figure, it is observed that initial beam-pairing before unicast-link establishment achieves the smallest necessary overhead. This is because this option does not require repetitive transmissions of a message. For initial beam-pairing during unicast-link establishment, variant 2 (Eq. (4)) offers much smaller overhead than the basic option and variant 1. This implies that periodic RS transmission is useful to significantly reduce the overhead for initial beam-pairing. 

[image: ]
Fig. 6	Overhead comparison for options described by Eqs. (1) – (4)

Observation 1: 
· Initial beam-pairing before unicast-link establishment requires the smallest overhead
· For initial beam-pairing during unicast-link establishment, use of periodic RS significantly reduces the required

We propose to capture the above analysis as an outcome of Rel-18 study for FR2-SL. In addition, for initial beam-pairing during unicast-link establishment, it turns out that periodic RS is essential. We also propose to use periodic RS for initial beam-pairing, whichever it is before or during unicast-link establishment. 

Proposal 1-3: 
· Capture the overhead analysis as an outcome of study for initial beam-pairing for FR2 SL in Rel-18
· Use ‘periodic RS’ for initial beam-pairing
· Further discuss ‘before’ and ‘during’ with periodic RS

2.4 Initial beam-pairing after unicast-link establishment
At the RAN1#112bis-e meeting, following was agreed for initial beam-pairing after unicast-link establishment:
	Agreement
RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2, including studying whether and in which cases initial beam pairing after sidelink unicast link establishment is feasible. 
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS the beams used for unicast link establishment.
· UE1 and/or UE2 configure the resources for beam sweeping and/or beam reporting
· FFS details of resources configuration
· UE1 and/or UE2 use the configured resources to transmit reference signals and determine a pair of transmit beam and receive beam based on beam sweeping.
· FFS applicable reference signal(s)
· FFS whether/how to indicate the determined beams between UE1 and UE2
· FFS difference between initial beam pairing (after sidelink unicast link establishment) and beam maintenance



Unlike the previous procedures for initial beam-pairing before/during unicast-link establishment, we have a fundamental concern on feasibility of this option. We present it in this section.

2.3.1	Procedure aspects
In this procedure, step 1 “UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure” does not explain how to establish unicast-link before beam-pairing. The step 2 and step 3 are part of the beam refinement procedure after the UE1 and UE2 have established PC5-RRC and exchanged dedicated configuration for beam measurement/reporting. The step 2 and step 3 are common even for initial beam-pairing before/during unicast-link establishment. Therefore, this procedure essentially is the case where no beam-pairing enabled/ensured until beam refinement based on dedicated configuration is available.

Observation 2: 
· The step 2 and step 3 of initial beam-pairing after unicast-link establishment in the agreement are part of beam refinement based on dedicated configuration and hence cannot be viewed as steps of initial beam-pairing procedure
· The other options (initial beam-pairing before/during unicast-link establishment) also perform step 2 and step 3 after unicast-link establishment
· In other words, beam-pair is not established in this option until beam refinement based on dedicated configuration is carried out
· I.e., antenna panel and/or beam determination is random/blind until that time

2.3.2	Issue on link-budget / communication range
The main argument for this option must be its feasibility. As explained in Section 2.3.1, the UEs have to exchange a number of messages via PSCCH/PSSCH without a identifying appropriate beam. One may say that message exchanges until unicast-link communication starts would require low data rate and hence beam-forming gain is not essential. However, inappropriate panel/beam selection(s) cause significant loss of link-budget or communication range for unicast-link establishment.

Below, we provide 1st order analysis on the issue.

Impact from appropriate antenna panel selection
For FR2, a handheld UE typically equips with multiple antenna panels/modules to achieve spherical coverage. At the RAN1#111 meeting, RAN1 indeed agreed to assume two antenna panels with panel bearing angle of 180 degrees at each UE as part of evaluation assumption. Selecting a wrong antenna panel that does not have direct/indirect paths toward a target UE may cause significant SNR degradation. We analyze the impact of antenna panel selection according to the model presented in [2] in Fig. 7. The plot with “1 panel” is a CDF of array gain over the sphere when a UE has a single antenna panel and that is used for any angle. “2 panels” is the case where a UE has two antenna panels and the best panel is used for a target UE. It can be observed that the case with single antenna panel degrades the antenna gain compared to two antenna panels by at least about 2.5 dB at CDF of 40% or lower. This implies that wrong or inappropriate antenna panel selection causes such link-budget loss.
[image: ]
Fig. 7	CDFs of gains with 1 panel and with 2 panels based on the modeling and methodology in [2]

Appropriate beam selection from a selected antenna panel
With an appropriate antenna panel selection for a target UE, a UE can form a wider or narrower beam. Using a single wider beam enables beam-pairing without beam-sweeping within the antenna panel, but it may lose array gain. In order to see the impact, we plot the CDFs of array gains of the hemisphere for the following two cases in Fig. 8.
· Case 1: single fixed wide beam from the panel is used. To model this, a single antenna element with the antenna pattern defined in TR37.885 Table 6.1.4-6 is assumed.
· Case 2: multiple beams can be formed from the panel using (2 x 2) antenna elements and one of the beams that has the largest gain is used at each angle. For each antenna element, the pattern in TR37.885 Table 6.1.4-6 is assumed. 
It is clear that Case 2 is not only offering higher beam forming gain at a particular direction, but also enabling larger beam forming gain over the coverage of the antenna panel. For most of the CDF region, the gain of Case 2 over Case 1 is about 3.0 – 3.5dB.
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Fig. 8	CDFs of gains in Case 1 (fixed wide beam) and Case 2 (beam forming) based on the RAN1 agreed model

To demonstrate the impact further, a simple link-budget analysis has been conducted for UMi and InH. The assumptions for the link-budget analysis are presented in the Annex. Assuming that very low MCS index is usable for the message exchanges until PC5-RRC establishment, PSCCH carrying SCI-1 would be a bottleneck channel for communication range, according to our preliminary link-level analysis. Taking SCI-1 carried by PSCCH with 3 OFDM symbols as an example, the required SNRs for CDL-A DS 30ns and 100ns are -0.23dB and -2.92dB, respectively, according to Table A-5. For the case without initial beam-pairing, the joint loss due to wrong antenna panel selection and beam-mismatch could be 2.5 + 3.5 = 6dB per UE for a UE pair. With this assumption, the maximum communication distances for message exchanges before unicast-link establishment can be estimated as in Table 1.

Table 1.	Max distance for enabling unicast-link establishment
	Scenario
	LOS/NLOS
	Initial beam-pairing after unicast-link establishment
	Initial beam-pairing before/during unicast-link establishment

	UMi with 
CDL-A 
DS 100ns
	LOS
	80m
	305m

	
	NLOS
	20m
	40m

	InH with
CDL-A
DS 30ns
	LOS
	145m
	>> 150m

	
	NLOS
	15m
	30m



It is observed that initial beam-pairing after unicast-link establishment (i.e., no beam-pairing for unicast-link establishment procedure) significantly degrades maximum distance compared to the case with beam-pairing. Taking UMi outdoor case as an example; the above indicates that initial beam-pairing after unicast-link establishment does not allow UEs at the cell-edges in the same cell to be paired, even in ideal LOS situation.

Observation 3: 
· Max communication range for PSCCH/PSSCH is quite limited without beam-pairing, even if it carries small payload
· Initial beam-pairing after unicast-link establishment does not allow UEs to establish unicast-link when the UEs are > 80m separated in the same cell for UMi with ISD = 200m, even in LOS environment.

As observed above, initial beam-pairing after unicast-link establishment has a feasibility issue and should not be considered in the study for FR2-SL in Rel-18.

Proposal 1-4: 
· Capture the above analysis and observation as outcome of study for FR2-SL
· Conclude that initial beam-pairing after unicast-link establishment is not feasible

3. Beam maintenance
RS for beam maintenance
Following was agreed:
	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



The main discussion points are how the SL CSI-RS for beam maintenance should look like. As for waveform, we consider Uu CSI-RS for L1 beam management can mostly be re-used. The SL CSI-RS for beam maintenance should have the same properties as for periodic RS for initial beam-pairing presented in Section 2.1.1; the SL CSI-RS transmissions via different transmit beams (= an RS burst) should be confined within a short period of time, and then the RS burst should be repeated multiple times so that a receiving UE (e.g., UE2) can also sweep or train its receiving beams over the multiple RS bursts.

Proposal 2-1:
· The SL CSI-RS for beam maintenance should have the following properties, same as for periodic RS for initial beam-pairing:
· The SL CSI-RS transmissions via different transmit beams (= an RS burst) should be confined within a short period of time
· The burst should be repeated multiple times so that a receiving UE (e.g., UE2) can also sweep or train its receiving beams over the multiple RS bursts
· The SL CSI-RS for beam maintenance should take the Uu CSI-RS for L1 beam management as the starting point.

Regarding whether the SL CSI-RS for beam maintenance should have associated SCI(s) or SL MAC CE, we consider it can be a stand-alone periodic RS without associated SCI(s) or SL MAC CE. This is also same as for periodic RS transmission for initial beam-pairing. 

Proposal 2-2:
· Enable stand-alone periodic SL CSI-RS transmissions without associated SL MAC-CE, SCI(s), and PSFCH
· The SL CSI-RS is based on dedicated configuration for the unicast link
· Enable multiple SL CSI-RS transmissions associated with different transmit beams within one slot
· Enable SL CSI-RS transmissions with or without repetition on transmit beams

Overall, the design principle of SL CSI-RS for beam maintenance is mostly common with that for periodic RS for initial beam-pairing. The only substantial difference between the two RSs is that for beam maintenance, RS transmission is based on dedicated configuration. 

Beam reporting
Following was agreed:
	Agreement
Consider one or more of the following items as sidelink beam reporting contents for beam maintenance: 
· Beam indication (e.g., CRI)
· L1-RSRP
· FFS: L1-SINR or other reporting contents if necessary enhancement is identified. 
· Note: This does not preclude performing beam maintenance without any beam reporting

Agreement
The container(s) of sidelink beam reporting for beam maintenance is at least selected from the following options:
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
· FFS: PC5-RRC, Signaling over Uu link (e.g., UCI)



For beam reporting, at least CRI and L1-RSRP are necessary. The signalling design can re-use Uu report as long as possible. Regarding L1-SINR, we prefer to keep it as FFS as it requires interference measurement additionally. Further discussion can be done whether to enable L1-SINR reporting once basic beam management designs are clear.

On beam reporting container, either option 1 or 2 would require introduction of new format. The specification impact could relatively be smaller if we take Option 2, since the SL MAC CE for CSI reporting can mostly be re-used and no new channel/SCI format is required. On the FFS bullet, it is unclear how to realize L1 beam reporting using PC5-RRC; we suggest to delete this. On the other hand, signalling over Uu link (e.g., UCI) could be potential enhancement that improves the network’s visibility of SL link status. Similar to the Uu beam measurement enabling beam measurement for non-serving cell, enhancement of Uu beam measurement reporting framework could be considered to enable sidelink beam reporting over Uu link (e.g., UCI).

Proposal 2-3:
· On beam reporting, updates the RAN1#112bis-e agreements as follows
· Consider one or more of the following items as sidelink beam reporting contents for beam maintenance: 
· Beam indication (e.g., CRI)
· L1-RSRP
· FFS: L1-SINR or other reporting contents if necessary enhancement is identified. 
· Note: This does not preclude performing beam maintenance without any beam reporting
· The container(s) of sidelink beam reporting for beam maintenance is at least selected from the following options:
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
· FFS: PC5-RRC, Signaling over Uu link (e.g., UCI)

Tx/Rx beams for a paired UE
Following was agreed:
	Agreement
Consider the following two options for determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot.  
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Note this is based on sidelink beam correspondence
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
· Note this is based on beam training for reverse data transmission
· Note: The PSFCH transmit/receive beam can be the same as PSCCH/PSSCH transmit/receive beam used for the reverse data transmission.
· FFS: support both options or down select one option.



For this discussion, we need to consider Tx/Rx beam correspondence. For various legacy FR2 WIs, beam correspondence availability was commonly assumed. We believe the same for FR2-SL. 

If beam correspondence is not applicable, SL beam management requires beam refinement in bi-directional manner. More specifically, UEs (UE1 and UE2) in a unicast-link have to refine beams for two directions (UE1  UE2, UE2  UE1) independently and report beam measurement each other, and manage the beams for the two directions. Beam failure recovery would need to be enabled for both links separately. If a UE has multiple unicast-links with multiple different UEs, such bi-directional beam management is required for each peer UE.

Observation 4:
· In reality and in the legacy FR2 WIs, beam correspondence availability is commonly assumed
· If beam correspondence is not applicable, dual beam managements for forward-link and reverse-link of each unicast-link pair (UE1UE2, UE2UE1) are necessary

Once we agree that Tx/Rx beam correspondence is applicable to FR2-SL, the beam determination for PSCCH/PSSCH transmission/reception and PSFCH reception/transmission should be Option 1 unless there is apparent benefit to go with Option 2.

Proposal 2-4:
· Conclude beam correspondence is applicable
· Adopt Option 1 for FR2-SL
· PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam

Beam indication/switch
For Uu, various beam management related enhancements (e.g., Rel-18 LTM) are now based on unified-TCI framework. For SL beam management, the same approach should be taken. For the FR2-SL, the beam-indication/switch can be realized in a simple way – one RS is used as the source for Tx/Rx spatial filter for transmission/reception of channels/signals with the target peer UE as illustrated in Fig. 9. For example, a SCI format from a UE in a paired UEs indicates beam switch, and based on that, both UEs switch their beams for transmission/reception for the unicast-link. Note that a UE receiving a SCI format requires a certain time gap until it completes the process of the received SCI format and switch the beam accordingly. The necessary time gap should be part of the study.
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Fig. 9	Tx/Rx spatial filter for transmission/reception for a unicast-link with a paired UE

Proposal 2-5:
· Re-use the concept of Uu Unified-TCI framework
· For a paired UE, one or multiple spatial filter(s) for transmissions to/receptions from the paired UE can be configured/active
· If one spatial filter is configured/active for a paired UE, the spatial filter is used for transmissions to /receptions from the paired UE
· If multiple spatial filter are configured/active for a paired UE, one of the spatial filter is used for transmissions to/receptions from the paired UE, where: 
· The spatial filter can be switched/selected according to the indication by a SCI format with a certain time gap (FFS the gap)


4. Beam failure recovery
4.1 BFR based on the measurement of reference signal for BFD
Following agreement was achieved:
	Agreement
RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism at least for the scheme where SL BFI is triggered based on the measurement of reference signal for BFD (if supported), including
· candidate beam(s) identification
· FFS details on reference signals for candidate beam identification, including structure, procedure, timing.
· sidelink BFR request (BFRQ), including resources, transmit and/or receive beams, container, timing, etc. 
· sidelink BFR response (BFRR), including container, procedure, timing, etc.
· FFS applicability to the scheme where SL BFI is triggered based on SL HARQ feedback (if supported).



The exact mechanism highly relies on how beam maintenance / initial beam-pairing is enabled. Suppose beam maintenance / initial beam-pairing is enabled by using stand-alone periodic SL CSI-RS transmissions. Then it is quite straightforward to enable BFD and CBD based on periodic SL CSI-RS transmissions as well.

Note that for Uu BFR, BFR and CBD are based on periodic RS transmissions (either CSI-RS or SSB). Based on the WID statement that Uu beam management framework should be re-used, it is necessary to enable periodic RS transmissions for SL BFR.

Proposal 3-1:
· For FR2-SL, beam failure detection re-uses the concept of Uu BFR procedure:
· A UE is configured to monitor periodic transmissions of BFD-RS and CBD-RSs
· The BFD-RS and CBD-RSs can be at least SL CSI-RS transmissions
· If a receiving UE detect BFD condition is met, the UE triggers the BFR procedure.

In Uu BFR, once a UE detects beam failure, the UE may request BFR to the BS. This is based on PRACH transmission on a resource associated with the selected periodic RS for CBD that is transmitted using the preferred BS’s Tx beam. This mechanism can be re-used for BFR for FR2-SL.

The signal for BFR request can re-use the structure of ‘beam-pairing response signal’ for initial beam-pairing proposed in section 2. With this, initial beam-pairing and BFR follows almost the same procedure – the main (and the only) difference is that initial beam-pairing uses a set of resources for ‘beam-pairing response signal’ that is not UE/unicast-link dedicated, while BFR configures a set of resources for ‘BFR request’ in UE/unicast-link specific manner.

Proposal 3-2:
· For FR2-SL, BFR request re-uses the concept of Uu BFR request:
· Each UE is configured with resources for BFR request associated with UE1’s Tx beams
· FFS: ‘BFR request’ structure (e.g., re-use of ‘beam-pairing response signal’ for initial beam-pairing)
· Once the UE detects beam failure, the UE transmits a BFR request using the resource associated with the UE1’s preferred Tx beam (= the resource associated with the preferred CBD-RS)
· For different UE, different set of resources for BFR request can be reserved.
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Fig. 10	Beam failure recovery for UEs communicating with UE1

4.2 Other potential BFR procedure
There is another option proposed by some companies – SL BFR based on HARQ feedback. This option can be an extension from SL RLF. However, it is quite unclear how to enable beam failure recovery. Although Tx UE can detect beam failure based on HARQ feedback, it is not possible for Rx UE to identify the beam failure at the same time, find the other candidate beam for quick recovery, and request Tx UE to switch the beam to the other candidate beam. Without enabling recovery process using a better candidate beam, the option using HARQ feedback cannot be viewed as SL BFR.

Moreover, this option uses consecutive errors of sidelink data communication for beam failure detection. This implies that traffic/service interruption is unavoidable, which is against the design principle of beam failure recovery – i.e., BFR before such interruption occurs. In case SL BFR is based on RS monitoring for BFD, it is possible to trigger BFR without causing traffic/service interruption.

Observation 5:
· Beam failure detection at Tx UE based on HARQ feedback cannot be viewed as SL BFR since it does not support CBD and recovery from beam failure


5. Other aspects
5.1	BS-involvement for SL beam management
For in-coverage case, SL transmission occurs only on UL slots. On UL slots, there must be uplink in the same cell or in neighboring cells. gNBs would want to control the interference from SL transmissions to UL receptions. More specifically, gNB may want to fix or limit the available SL beam(s) for SL transmissions from a SL UE for better Uu interference management. For IAB/NCR, it is possible for gNB to control the beams of IAB-DU/MT and NCR-backhaul/C-link/access-link. Similar mechanism should be studied for SL beam management in in-coverage scenario.

Proposal 4-1:
· Study BS-involvement for SL beam management for a UE in the coverage of the BS
· Solutions of Tx/Rx beam control for IAB/NCR can be starting points

5.2	Beam management for Uu + SL at a UE 
A UE in a coverage of a BS may have both Uu link and SL unicast-link on the same carrier/band. The UE would need to manage Uu beams and SL beams accordingly. Basically, a UE should be able to use up to one beam (across Uu beams and SL beams) for transmission/reception at a time on the carrier/band even in this scenario. However, maintaining two sets of configured/active beams for Uu and SL at a UE may cause a certain operational impact or configuration restriction. RAN1 should carefully investigate this aspect for in-coverage scenario.

Proposal 4-2:
· Investigate potential impact when/if a UE has to maintain multiple sets of configured/active beams for Uu beam management and/or multiple SL beam management on the same carrier/band

5.3	Resource allocation and inter-UE coordination
5.3.1	On any potential enhancements for mode-2 operation
For mode-2 operation where UEs have to coordinate resources, SL on FR1 supports sensing-based and random resource selection. For FR2, it is expected that collision/interference issue in mode-2 operation is smaller due to spatial domain isolation thanks to the beamforming operation. Random resource selection is expected to work well in FR2. On the other hand, since sensing is also directional for FR2, there could be a hidden node issue. We propose to first evaluate if the random resource selection works well for FR2, or if there is any issue/impact from FR2 beamforming operation on sidelink resource allocation. 

Proposal 4-3:
· Confirm that legacy sensing-based and random resource selection are available for FR2-SL
· Evaluate the impact of FR2 beamforming operation on sidelink resource allocation to see if any enhancements are necessary

5.3.2	Potential enhancements for resource allocation
An example of the potential issue regarding directional sensing is illustrated in Fig. 2. Here, UE1 transmits PSCCH/PSSCH to UE2, and UE3 perform sensing it. All the three UEs use particular beams for Tx/Rx/sensing. In Case 1, UE3 senses UE1’s transmission using a sensing beam that direct to UE1 and therefore, the UE3 takes this sensing result into account for resource selection. On the other hand, in Case 2, UE3 uses sensing beam which is not directed to UE1. In this case, UE3 may consider the resource is available as a result of sensing and may transmit on the resource using the beam corresponding to the sensing beam – causing resource collision for UE2’s reception.
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Fig. 13 Example of mode 2 resource sensing when beam-forming is used

If this causes performance degradation, ideally, the receiving UE should be able to announce/inform that it has a reception from the other UE and the sensing UE identifies that announcement/information. 
Proposal 4-4:
· If enhancement on resource allocation is necessary, consider a methodology of announcement from a receiving UE so that sensing UE can identify the potential resource collision

5.3.3	Potential enhancements for inter-UE coordination
Inter-UE coordination enables UEs to exchange preferred/non-preferred resources. However, current inter-UE coordination does not take into account directivity of Tx/Rx/sensing. For example, legacy IUC request cannot indicate for which beam the IUC info is requested. Also, legacy IUC info cannot indicate which beam the preferred/non-preferred resources in the IUC info is associated.

An example is illustrated in Fig. 8. UE1 and UE2 has a unicast-link and there are two candidate beam-pairs to use for the unicast communication. Suppose UE2 receives IUC request from UE1 and then UE2 informs preferred/non-preferred resource to UE1. If UE2 may sense transmission from UE3 by using the beam in the beam-pair 2 but not by using the beam in the beam-pair 1, UE2’s preferred/non-preferred resources for beam-pair 1 and beam-pair 2 can be different. 

If there is an issue, it would be beneficial to incorporate information of Tx/Rx beam(s) that are associated with the preferred/non-preferred resources indicated in the IUC messages. The study should include investigation of incorporating beam information on inter-UE coordination schemes.
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Fig. 14	Example scenario: UE2 senses interference from UE3 on the beam for pair 2 but not on the beam for pair 1

Proposal 4-5:
· If enhancement on inter-UE coordination is necessary, consider incorporating Tx/Rx beam information with the preferred/non-preferred resources for inter-UE coordination.


6. Conclusion
In this contribution, we discussed overall framework of SL beam management for FR2. 

Regarding initial beam-pairing before unicast-link establishment, we have following proposals.

Proposal 1-1-1:
· In the step 1, UE1 transmit RSs via different transmit beams (= an RS burst) in a short period of time
· The RS burst is repeated over time in periodic manner
· The periodicity of the RS burst and RS resources in an RS burst can be defined or (pre)configured
· UE1 can be either:
· a UE that wants to initiate unicast-link establishment procedure with another UE
· E.g., typical commercial sidelink device
· a UE seeing if there is any UEs that wants to establish unicast-link with the UE
· E.g., hub type device in star topology

Proposal 1-1-2:
· To avoid irrelevant UE’s beam-pairing procedure,
· A certain higher layer parameter(s) or ID(s) that is/are known/acquired by relevant UEs are used to derive the RS configuration/sequence
· E.g., Define or (pre)configure mapping between RS configuration/sequence and higher-layer parameter(s) or ID(s) that is/are known/acquired only by relevant UEs for the unicast-link communication
· FFS: how/which parameter(s)/ID(s) is used

Proposal 1-1-3: 
· Resource coordination among multiple different Tx UEs is realized by:
· Opt. 1: network controlled periodic resource configuration (in case of Uu coverage)
· Opt. 2: UE-based resource selection + periodic transmissions

Proposal 1-1-4: 
· RAN1 to confirm the RSs in the step 1 is not served for T/F synchronization or sidelink MIB delivery
· These should be provided by GNSS, gNB, or by legacy S-SSB from SyncRefUE

Proposal 1-1-5: 
· If the reference signal is based on S-SSB, 
· The RS does not carry PSBCH
· The RS can be composed of SSSS (and potentially PSSS), where:
· The RS configurations/sequences are determined based on a higher-layer parameter(s)/ID(s)
· Each RS associated with a transmit beam occupies a limited (e.g., 1 or 2) symbols of a slot
· If the reference signal is based on SL CSI-RS,
· The RS configurations/sequences are determined based on a higher-layer parameter(s)/ID(s)
· Each RS associated with a transmit beam occupies limited (e.g., 1 or 2) symbols of a slot

Proposal 1-1-6: 
· The RS for initial beam-pairing should be transmitted periodically in stand-alone manner
· I.e., the RS is not associated with SL data, SL MAC-CE, or SCI(s)

Proposal 1-1-7: 
· Step 2 is realized as follows:
· UE2 monitors RSs based on the configuration/sequence that could be relevant to UE2 
· Through measurement of the one or multiple periods of RS transmissions from UE1, UE2 determines its receive beam for a selected RS from UE1
· In addition, UE2 derives its transmit beam from the determined UE2 receive beam according to Tx/Rx beam correspondence

Proposal 1-1-8: 
· Step 3 is realized as follows:
· ‘beam-pairing response signal’ is introduced to let UE2 to inform its presence and selected RS to UE1
· Mapping b/w a resource for ‘beam-pairing response signal’ to UE1 and a RS from UE1 is defined or (pre)configured (similar to Uu SSB-PRACH association)
· UE2 transmits a ‘beam-pairing response signal’ on the resource associated with the selected RS in step 2
· UE1 monitors the resources for ‘beam-pairing response signal’ using the beams that were used for the RS transmissions
· UE1 receive beams for monitoring the resources for ‘beam-pairing response signal’ are derived from UE1 transmit beams according to Tx/Rx beam correspondence
· By detecting the beam-pairing response signal from UE2, UE1 identifies that there is UE2 for potential unicast-link establishment and preferred UE1 transmit beam for the UE2

Proposal 1-1-9: 
· Regarding the ‘beam-pairing response signal’ in step 3,
· The signal does not have to carry message payload (e.g., can be an RS or PSFCH)

Regarding initial beam-pairing during unicast-link establishment, we have following proposals.

Proposal 1-2-1:
· Establishing beam-pair by using PSCCH/PSSCH transmissions/receptions
· UE1 repeats PSCCH/PSSCH via different transmit beams
· The repetitions for different transmit beams is further repeated so that UE2 can sweep receiving beams
· UE2 receives PSCCH/PSSCH from UE1 and based on that the UE2 determines UE2 receive beam
· Further, UE2 transmit beam is derived from the determined UE2 receive beam according to Tx/Rx beam correspondence 
· UE2 transmits a response PSCCH/PSSCH to UE1 using the UE2 transmit beam on the resource associated with the received PSCCH/PSSCH from UE1
· Mapping/association between a resource for response PSCCH/PSSCH to UE1 and a resource for transmission of PSCCH/PSSCH from UE1 is defined or (pre)configured (similar to Uu SSB-PRACH association)
· UE1 monitors the resources for PSCCH/PSSCH reception using receive beams derived from transmit beams that were used for PSCCH/PSSCH transmissions
· UE1’s receive beams derivation from UE1’s transmit beams is according to Tx/Rx beam correspondence
· By detecting the response PSCCH/PSSCH from UE2, UE1 identifies that there is UE2 for potential unicast-link establishment and preferred UE1 transmit beam for the UE2

Proposal 1-2-2:
· Consider using reference signals for initial beam-pairing during unicast-link establishment
· ‘beam-pairing response signal’ to reduce overhead for beam sweeping at UE1
· ‘periodic RS transmissions via different transmit beams’ to reduce overhead for beam sweeping at UE2

We provided overhead comparison for options of initial beam-pairing before/during unicast-link establishment, and made following observation and proposal.

Observation 1: 
· Initial beam-pairing before unicast-link establishment requires the smallest overhead
· For initial beam-pairing during unicast-link establishment, use of periodic RS significantly reduces the required

Proposal 1-3: 
· Capture the overhead analysis as an outcome of study for initial beam-pairing for FR2 SL in Rel-18
· Use ‘periodic RS’ for initial beam-pairing
· Further discuss ‘before’ and ‘during’ with periodic RS

Regarding initial beam-pairing after unicast-link establishment, we have a concern on feasibility and evaluated the maximum communication distance. Based on the evaluation, we have following observations and proposal.

Observation 2: 
· The step 2 and step 3 of initial beam-pairing after unicast-link establishment in the agreement are part of beam refinement based on dedicated configuration and hence cannot be viewed as steps of initial beam-pairing procedure
· The other options (initial beam-pairing before/during unicast-link establishment) also perform step 2 and step 3 after unicast-link establishment
· In other words, beam-pair is not established in this option until beam refinement based on dedicated configuration is carried out
· I.e., antenna panel and/or beam determination is random/blind until that time

Observation 3: 
· Max communication range for PSCCH/PSSCH is quite limited without beam-pairing, even if it carries small payload
· Initial beam-pairing after unicast-link establishment does not allow UEs to establish unicast-link when the UEs are > 80m separated in the same cell for UMi with ISD = 200m, even in LOS environment.

Proposal 1-4: 
· Capture the above analysis and observation as outcome of study for FR2-SL
· Conclude that initial beam-pairing after unicast-link establishment is not feasible

Regarding beam maintenance, we have following proposals.

Proposal 2-1:
· The SL CSI-RS for beam maintenance should have the following properties, same as for periodic RS for initial beam-pairing:
· The SL CSI-RS transmissions via different transmit beams (= an RS burst) should be confined within a short period of time
· The burst should be repeated multiple times so that a receiving UE (e.g., UE2) can also sweep or train its receiving beams over the multiple RS bursts
· The SL CSI-RS for beam maintenance should take the Uu CSI-RS for L1 beam management as the starting point.

Proposal 2-2:
· Enable stand-alone periodic SL CSI-RS transmissions without associated SL MAC-CE, SCI(s), and PSFCH
· The SL CSI-RS is based on dedicated configuration for the unicast link
· Enable multiple SL CSI-RS transmissions associated with different transmit beams within one slot
· Enable SL CSI-RS transmissions with or without repetition on transmit beams

Proposal 2-3:
· On beam reporting, updates the RAN1#112bis-e agreements as follows
· Consider one or more of the following items as sidelink beam reporting contents for beam maintenance: 
· Beam indication (e.g., CRI)
· L1-RSRP
· FFS: L1-SINR or other reporting contents if necessary enhancement is identified. 
· Note: This does not preclude performing beam maintenance without any beam reporting
· The container(s) of sidelink beam reporting for beam maintenance is at least selected from the following options:
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
· FFS: PC5-RRC, Signaling over Uu link (e.g., UCI)

Regarding Tx/Rx beam correspondence, we have the following observation and proposal.

Observation 4:
· In reality and in the legacy FR2 WIs, beam correspondence availability is commonly assumed
· If beam correspondence is not applicable, dual beam managements for forward-link and reverse-link of each unicast-link pair (UE1UE2, UE2UE1) are necessary

Proposal 2-4:
· Conclude beam correspondence is applicable
· Adopt Option 1 for FR2-SL
· PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam

Regarding Tx/Rx beam switch/indication, we have the following proposal.

Proposal 2-5:
· Re-use the concept of Uu Unified-TCI framework
· For a paired UE, one or multiple spatial filter(s) for transmissions to/receptions from the paired UE can be configured/active
· If one spatial filter is configured/active for a paired UE, the spatial filter is used for transmissions to /receptions from the paired UE
· If multiple spatial filter are configured/active for a paired UE, one of the spatial filter is used for transmissions to/receptions from the paired UE, where: 
· The spatial filter can be switched/selected according to the indication by a SCI format with a certain time gap (FFS the gap)

Regarding beam failure recovery, we have following proposals and observation.

Proposal 3-1:
· For FR2-SL, beam failure detection re-uses the concept of Uu BFR procedure:
· A UE is configured to monitor periodic transmissions of BFD-RS and CBD-RSs
· The BFD-RS and CBD-RSs can be at least SL CSI-RS transmissions
· If a receiving UE detect BFD condition is met, the UE triggers the BFR procedure.

Proposal 3-2:
· For FR2-SL, BFR request re-uses the concept of Uu BFR request:
· Each UE is configured with resources for BFR request associated with UE1’s Tx beams
· FFS: ‘BFR request’ structure (e.g., re-use of ‘beam-pairing response signal’ for initial beam-pairing)
· Once the UE detects beam failure, the UE transmits a BFR request using the resource associated with the UE1’s preferred Tx beam (= the resource associated with the preferred CBD-RS)
· For different UE, different set of resources for BFR request can be reserved.

Observation 5:
· Beam failure detection at Tx UE based on HARQ feedback cannot be viewed as SL BFR since it does not support CBD and recovery from beam failure

In addition, regarding FR2-SL topics other than initial beam-pairing, beam maintenance, and beam failure recovery, we have following proposals.

Proposal 4-1:
· Study BS-involvement for SL beam management for a UE in the coverage of the BS
· Solutions of Tx/Rx beam control for IAB/NCR can be starting points

Proposal 4-2:
· Investigate potential impact when/if a UE has to maintain multiple sets of configured/active beams for Uu beam management and/or multiple SL beam management on the same carrier/band

Proposal 4-3:
· Confirm that legacy sensing-based and random resource selection are available for FR2-SL
· Evaluate the impact of FR2 beamforming operation on sidelink resource allocation to see if any enhancements are necessary

Proposal 4-4:
· If enhancement on resource allocation is necessary, consider a methodology of announcement from a receiving UE so that sensing UE can identify the potential resource collision

Proposal 4-5:
· If enhancement on inter-UE coordination is necessary, consider incorporating Tx/Rx beam information with the preferred/non-preferred resources for inter-UE coordination.
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Annex
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Fig. A1	2D cut of beam forming gains for Case 1 and Case 2

Table A-1.	Assumptions for link-budget analysis
	Parameter
	Value 

	Transmit power
	23 dBm

	Tx antenna element gain
	5 dBi

	Carrier frequency
	30 GHz

	Path-loss calculation
	UMi-LOS, InH-LOS, 
UMi-NLOS, InH-NLOS 
from TR 38.901

	Bandwidth
	28.8 MHz (20 RBs with SCS 120kHz)

	Noise figure
	13 dB

	Noise floor
	-174 dBm/Hz

	Body loss
	8 dB

	Rx antenna element gain
	5 dBi



Table A-2.	Link-level simulation parameters for PSSCH BLER
	Parameter
	Value 

	FFT size
	2048

	SCS
	120 kHz

	Slot duration
	125 us (14 OFDM symbols)

	DMRS configuration
	3 DMRS symbols

	MCS table 
	256 QAM

	UE moving speed
	3 km/h

	Channel model
	CDL-A, DS 100 ns for UMi 
CDL-A, DS 30 ns for InH

	Antenna configurations
	Both Tx and Rx:
4 elements per polarization, 2-pol

	PSSCH bandwidth
	20 RBs with SCS 120 kHz

	Target BLER
	10 %



Table A-3.	Link-level simulation parameters for SCI-1 BLER
	Parameter
	Value 

	SCI-1 payload
	32 bits

	CRC length
	24 bits

	PSCCH bandwidth
	10 RBs with SCS 120 kHz

	Target BLER
	1 %

	Note: other parameters are same as for link-level simulation for PSSCH BLER



Table A-4.	Link-level simulation parameters for SCI-2 BLER
	Parameter
	Value 

	SCI-2 payload
	48 bits

	CRC length
	24 bits

	Bandwidth
	Function of MCS for PSSCH

	Target BLER
	1 %

	Note: other parameters are same as for link-level simulation for SCI-1 BLER



Table A-5.	Required SNRs for SCI-1, SCI-2, PSSCH
	Channel
	Required SNR (dB)

	
	CDL-A DS 30 ns
	CDL-A DS 100 ns

	SCI-1 (3 OFDM symbols)
	-0.23
	-2.92

	SCI-1 (2 OFDM symbols)
	2.00
	-0.51

	SCI-2 (MCS index 0)
	-4.88
	-6.56

	SCI-2 (MCS index 9)
	6.45
	2.47

	SCI-2 (MCS index 27)
	8.25
	6.44

	PSSCH (MCS index 0)
	-7.00
	-7.51

	PSSCH (MCS index 9)
	6.69
	6.46

	PSSCH (MCS index 27)
	24.65
	25.17
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