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Introduction
In RAN#98-e it was agreed for RAN1 to continue studying enhancements for SL FR2 in Rel-18. The WID has been updated to reflect that [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 present Samsung’s views on beam management design for SL operation on FR2 licensed spectrum. 
Discussion
Initial beam acquisition during link establishment
In RAN1#112b-e, three scenarios for initial beam acquisition where agreed to be further studied:
· Scenario 1: Initial beam acquisition happens before link establishment.
· Scenario 2: Initial beam acquisition happens during link establishment.
· Scenario 3: Initial beam acquisitions happens after 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. 


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.

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


On the Uu interface, cell selection/identification is the first process a UE performs. Additionally, in FR2, beam pairing is done before communication between a UE and a gNB can start, this would be analogous to scenario 1 above. Hence, in FR2 on the Uu interface, initial beam acquisition happens with cell selection/identification. The identity of the node (e.g., Physical Cell Identity (PCI)) is included in the beam sweeping RS, i.e., the PSS/SSS includes the PCI. On the other hand, in side link, the UE identity is included in the second stage SCI (source ID).
Now we will see how this process can be applied to the SL (PC5) interface before (scenario 1) or during (scenario 2) link establishment. Figure 1 illustrates the Layer-2 link establishment procedure for unicast mode of V2X communication over PC5 reference point (figure 6.3.3.1-1 of TS 23.387). Part of the link establishment procedure is to send a direct communication request from the source UE to the destination UE. In scenario 1 of initial beam pairing the source UE (UE-1) knows the beam pair to use for communicating with the destination UE (UE-2) before link establishment, the direct communication request can be sent directly using that beam pair. In scenario 2 of initial beam pairing the beam pair for communication between the source UE (UE-1) and the destination UE (UE-2) has not been previously identified, it is then identified during the link establishment procedure. 


[bookmark: _Ref127371166]Figure 1: Layer-2 link establishment procedure.

Scenario 1, can be similar to beam identification using the RACH procedure on the Uu interface, where the base station transmits SSBs that identify beams, the UE determines a preferred SSB and consequently a beam for preferred communication with the network and sends a PRACH associated with that beam hence informing the network of its preferred beam for communication. In the following, we look at various examples of scenario 1.

In a first example of scenario 1, as illustrated in Figure 2, before link establishment, the destination UE (UE1) can transmit a beam identification reference signal on different beams, this would help the source UE (UE2) to identify the beam to use when establishing the link (or sending the direct communication request (DCR)) to the destination UE (UE1). There can be a mapping between the Tx beam used by UE1 and a corresponding slot index, a similar mapping can exist between a corresponding Rx beam at UE1 (in case of beam correspondence) and a corresponding slot index. This information can be made know to UE2. When UE2 receives the beam identification reference signal sent by UE1, it can determine (1) a preferred receive beam from UE1 (e.g., beam R2), and consequently, a preferred transmit beam to UE1, when beam correspondence holds (e.g., beam T2). (2) UE2 can also determine a preferred Tx beam from UE1 based on the signal it received (e.g., T1), and consequently a preferred Rx beam at UE1 (R1). Given, the aforementioned mapping between Rx beams and slot indices at UE1, UE2 can determine a slot index to use when transmitting to UE1. When UE2 wants to establish a link with UE1, UE2 sends a link establishment message using beam T2 in a slot index corresponding to UE1’s Rx beam (e.g., R1).   
In a second example of scenario 1, before link establishment, the source UE (UE1) can transmit a beam identification reference signal on different beams, this would help the destination UE (UE2) to identify the beam to use when receiving a link establishment message (or receiving the direct communication request (DCR)) from the source UE (UE1). UE2 receives the beam identification reference signal from UE1 and determines (1) a preferred transmit beam from UE1 to UE2 (e.g., T1), (2) UE2 can also determine a preferred receive beam (e.g., R2) when receiving from UE1 and consequently a preferred transmit beam to UE1 (e.g., T2) when beam correspondence holds. UE2 transmits a response signal, the response signal from UE2 can include information about T1 (i.e., the preferred transmit beam for transmission from UE1 to UE2), it can also include information about slots used for R2. UE1 receives the response signal from UE2 and is informed of T1 (i.e., the transmit beam when transmitting to UE2) and slots to transmit the signal in (when UE2 is receiving using R2). When UE1 has a link establishment message to UE2, it uses beam T1 in a slot corresponding to R2. 
In a third example of scenario 1, a beam identification signal can include (1) identity of the UE transmitting the beam identification signal, (2) identity of beam, (3) identity of UEs associated with beam direction and corresponding beam identities for transmissions from these UEs (4) slots associated with the receive beam corresponding to the transmit beam. This information is exchanged between UEs before link establishment. Allowing a UE to know the transmit beam and the slot to use when sending a link establishment message to another UE.
Proposal 1: On Enhanced SL operation on FR2 licensed spectrum, for scenario 1 of initial beam acquisition, further study the following:
· The UE transmitting the beam identification signal, is the UE receiving the link establishment message.
· The UE transmitting the beam identification signal, is the UE transmitting the link establishment message.
· The information conveyed by the beam identification signal.
· Association of transmit and/or receive beams to slot indices.



[bookmark: _Ref127372139]Figure 2: Beam Identification before link establishment.

Scenario 2, can be similar to paging on the Uu interface, when the network doesn’t know which beam to use for the UE, the paging message can be sent in PDCCH monitoring occasions corresponding to different beams. For scenario 2, as illustrated in Figure 3, the beam pair is not yet identified at the time of link establishment. In this case, the direct communication request (DCR), i.e., link establishment message, can be sent on multiple beams from UE-1 to UE-2. UE-2 receives the DCRs from the multiple beams and responds to a detected DCR indicating the preferred beam for further communication between the two UEs. In this scenario, the DCR can include a UE identity as well as a beam identity. There are several design options to consider for scenario 2:
· When UE1 is transmitting the link establishment message on different beams, it can cyclically sweep through N beams before repeating the beam sweeping cycles. For example, the link establishment message is first sent one beam 0, then on beam 1, … until it is sent on beam N-1. If the UE didn’t receive a reply from the destination UE, it can then sweep through the N beams one more time, and so on. If there are multiple beam sweeps, the UE can ramp up its power between consecutive sweeps or not. Another alternative is to have link establishment message repeated M times on each beam, before moving to the next beam, the benefit of this is that it allows the receiving UE to perform Rx beam sweeping to identify its best Rx beam. Now a beam sweep cycle includes M*N transmissions.
· A slot index can be linked to the transmit beam. For example, if a beam sweep has N transmissions, the transmit beam  can be associated with slot index , such that , where % is the modulo operator.
· The UE receiving the link establishment message can receive one or more link establishment messages. The decision on which beam pair to use can be done at the UE receiving the link establishment message or the UE transmitting the link establishment message. For example, the UE receiving the link establishment message can be configured a RSRP threshold and select a link establishment message that exceeds the threshold, the selection can be based on the UE’s implementation, or the using the message with largest RSRP, or the first message it detects that exceeds the threshold, in this example, UE 2 can indicate a single beam back to UE1. Alternatively, UE2 can provide an indication for all the link establishment message that exceeded the threshold back to UE1 and let UE 1 make decision on which beam to select.
· Another design aspect is the container from UE2 to UE1. The container can be common to all link establishment messages, for example the container includes the beams for multiple message UE2 received or the container can be unique for each link establishment. The beam to use for the container of the message from UE2 to UE2 is another aspect to consider.
· If UE1 is making the decision on which transmit beam to used, a criterion should be defined. For example, this can be based on metrics reported by UE2 to UE1 or based on the signal strength of the channel from UE1 to UE2 corresponding to a transmit beam.
Proposal 2: On Enhanced SL operation on FR2 licensed spectrum, for scenario 2 of initial beam acquisition, further study the following:
· Transmit beam sweeping pattern from the UE transmitting the link establishment pattern, including beam sweeping with multiple repeated transmissions on the same beam and beam sweeping without multiple repeated transmissions.
· Power ramping during beam sweeping.
· Mapping of transmit beams to slot index.
· Container of beam indication from UE receiving link establishment to UE transmitting link establishment including content and beam.
· Beam decision making criterion in UE transmitting link establishment and UE receiving link establishment.



[bookmark: _Ref127372753]Figure 3: Beam Identification during link establishment.

Scenario 1 has the benefit of lower latency compared to scenario 2. It supports more beams trained per slot, and supports having the source UE identify an initial beam before the transmission of DCR. However, it needs every SL UE to perform transmit beam sweeping. So in scenarios with a large number of UEs, the overhead can be high. Given the variety of SL scenarios that can be supported in FR2, for example in some scenarios, there could be a large number of users in an arena but only a few of them want to start message sharing via the SL interface, requesting transmit beam sweeping only for transmit UEs, albeit with a higher latency, would be a reasonable solution. On the other hand, for first responders, serving an area with limited number of users having low latency is of high importance.
Proposal 3: For enhanced SL operation on FR2 licensed spectrum, RAN1 can support multiple mechanisms for initial beam pairing with different latency and overhead targets.

Beam maintenance
After link establishment and initial beam acquisition, the UE needs to maintain the beam-pair used for communication between two UEs. As the UEs of a unicast link move around or rotate a different beam pair can be used. The UEs may also perform beam refinement, where a wide beam is found during the initial acquisition, this beam is subsequently refined to have a narrow beam.
On the Uu interface there are 3 types of beam management procedures between two devices as described in TR 38.802 clause 6.1.6.1. In each procedure one or both devices perform beam sweeping to identify or refine a beam pair. Procedure P-1 is when both devices perform beam sweeping, generally used for initial beam acquisition, to acquire a coarse beam, Procedures P-2 and P-3 are used for beam refinement and beam maintenance of the transmit and receive beams.
Proposal 4: For enhanced SL operation on FR2 licensed spectrum, consider legacy P-2 or P-3 procedures for sidelink beam maintenance.
P-2 and P-3 beam management procedure on the Uu interface involve the following steps:
1. Reference signals are transmitted either on different beams (for P-2) or the same beam (for P-3) from device-A (gNB or UE).
2. The reference signals are measured by Device-B (UE or gNB). In P-2, the same the receive beam is used, in P-3 a different receive beam is used.
3. Depending on P-2 or P-3
· If P-2, depending on the device: 
i. If Device-A is a gNB and Device-B is a UE, device-B reports to device-A the beam measurement results.
ii. If Device-A is a UE and Device-B is a gNB, device-B does not share measurement results to Device-A
· If P-3, a refined receive beam is determined by Device-B. 
4. If P-2, a beam-pair is determined by the gNB and signalled to the UE.
A simplified example of the P-2 procedure, is illustrated in Figure 4.
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A similar procedure can be designed for the SL (PC5) interface. Here Device-A and Device-B are UE-1 and UE-2 of a unicast link. The first aspect to consider is the reference signals to be used for beam measurement including aspects such as how and when these reference signals are triggered, reference signal structure for example, whether the reference signals are transmitted in the same slot or in different slots when used for different beam, as well as how to support RS repetition. We also have to consider timing aspects, whether these reference signals are periodic or semi-persistent or aperiodic.

In RAN1#112b-e, the following agreement was made:
Agreement
Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: whether/how to enhance existing aperiodic and non-standalone SL CSI-RS
· FFS: periodic and/or semi-persistent SL CSI-RS transmissions 
· FFS: standalone SL CSI-RS transmissions
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· FFS: one or multiple SL CSI-RS transmissions within one slot
· FFS: SL CSI-RS transmissions with or without repetition on transmit beams

We think that both standalone and non-standalone SL CSI-RS should be supported for beam management. SL CSI-RS can periodic, semi-persistent or aperiodic. Within a slot SL CSI-RS can be repeated using the same transmit beam across several symbols, SL CSI-RS can also be transmitted on different beams within the same slot.

Proposal 5: For enhanced SL operation on FR2 licensed spectrum, CSI-RS can be used for beam management, the following are supported:
· SL CSI-RS transmitted with other SL data, as well as standalone SL CSI-RS within a slot.
· SL CSI-RS can be periodic, semi-persistent or aperiodic.
· SL CSI-RS using the same transmit beam on multiple symbols of a slot.
· SL CSI-RS using different transmit beams within a slot.

The next aspect to consider is the measurement report including the configuration, and triggering of the measurement report, the container of the measurement report, and the timing of the measurement report. This aspect was discussed in RAN1#112b-e and the following agreements were reached:
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)

As a starting point, it is sufficient to convey the CSI-RS resource indicator (CRI) and the L1-RSRP measurement in the beam report. The L1-SINR can be further studied if it provides additional benefit. The beam measurement report can include 4 pairs of CRI and L1-RSRP using differential reporting, where the CRI and L1-RSRP of strongest beam is reported, and differential reporting is used for remaining 3 beams. In mode 1, where the resource allocation is made by the network, it would be beneficial for network to receive the beam measurement report. Therefore, L1 control and MAC CE signalling on the Uu interface should also be considered for beam measurement report. Finally, in terms of report timing, the report can be periodic (configured by higher layers), semi-persistent or aperiodic. 

Proposal 6: For enhanced SL operation on FR2 licensed spectrum, the consider the following for the beam measurement report:
· Report contents: The report contains 4 pairs of CRI/L1-RSRP using differential reporting.
· Report container: For mode 1 resource allocation, additional consider Uu PHY layer signalling (UCI) and Uu MAC CE.
· Report timing: Report can be periodic, semi-persistent or aperiodic.

The next aspect to consider is beam indication, one UE indicates the beam to other UE. In RAN1#112, the following agreement was reached.
Agreement
RAN1 is to study sidelink beam indication and switching schemes (e.g., framework, general procedure, contents, signaling, timing, etc.) for sidelink beam maintenance.

A beam indicator (e.g., similar to a TCI state on the Uu interface) can be defined to indicate a beam from one UE to the other. The beam indicator can refer to one separate beam pair (from example from UE-1 to UE-2 or UE-2 to UE-1), or to a joint beam pair for example in case of beam correspondence, one beam-pair can be indicated for communication from UE-1 to UE-2 and from UE-2 to UE-1. One other aspect to consider is which UE (or both UEs) makes the decision on beam pair selection. We also have to consider the channel used to convey the beam indicator, this can be based on MAC CE signalling or L1 control signalling.
Proposal 7: For enhanced SL operation on FR2 licensed spectrum, study beam indication mechanisms including aspects such:
· Design of beam indicators.
· Joint vs separate beam indication.
· Configuration and signalling of beam indicators.
· Which UE can perform as a controller to determine a beam pair to use and associated signalling.

In RAN1#112b-e, the following agreement was made regarding the beam of PSFCH:

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.

If two UEs are communicating in both directions, i.e., UE1 is sending PSCCH1/PSSCH1 to UE2, with a corresponding acknowledgment in PSFCH1 from UE2 to UE1, and UE2 is sending PSCCH2/PSSCH2 to UE1, with a corresponding acknowledgment in PSFCH2 from UE1 to UE2. In this example, seems natural for UE1 to choose the same transmit beam PSCCH1/PSSCH1 and PSFCH2 transmitted to UE2, and for UE1 to choose the same receive beam PSCCH2/PSSCH2 and PSFCH1 received from UE2 (Option 2 in the above agreement). In scenarios, where there is transmission in one direction only, and assuming beam correspondence at UE1, i.e., UE1 is sending PSCCH1/PSSCH1 to UE2, with a corresponding acknowledgment in PSFCH1 from UE2 to UE1. In this example we think that the Rx beam for PSFCH1 at UE1 can be determined based on the Tx beam of PSCCH1/PSSCH1 at UE1, similarly, the Tx beam for PSFCH1 at UE2 can be determined based on the Rx beam of PSCCH1/PSSCH1 at UE2 (Option 1 in the above agreement).
Proposal 8: For determining the PSFCH transmit/receive support both of the following options:
· PSFCH transmit beam is derived, based on SL beam correspondence, from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· PSFCH transmit beam is the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is the PSCCH/PSSCH receive beam for reverse data transmission.
The receiving UE would also need to update its receive beam by doing receive beam sweeping (similar to P-3 procedure). Since beam measurement and update is done at the same device, no reporting or update command is needed. However, a UE may request the other UE to transmit a reference signal with repetition to refine its receive beam.
Proposal 9: For enhanced SL operation on FR2 licensed spectrum, study signaling and procedures for receive beam refinement including: 
· Requesting transmission of reference signal with beam repetition.
Another important aspect of beam-based operation is power control. On the Uu interface, power control parameters and pathloss (PL) RS are determined based on the beam used. The power control parameters and PL-RS are associated with the UL or Joint TCI state. In SL only open-loop power control is supported. Open loop power control can be DL-based or SL-based. Beam-based operation can be introduced to both DL-based and SL-based power control for PC5 interface.
Proposal 10: For enhanced SL operation on FR2 licensed spectrum, study beam-based open-loop power control operation.
SL has two modes of operation, mode 1, where resource allocation is performed by the network, and mode 2 where resource allocation can be performed by the UE. For mode 1, beam management can be performed by the network or by the UE, or a combination of both. For example, which entity decides when to transmit reference signals for beam measurements, and which entity decides on the beams to use. These operations can be done by the gNB or by a SL UE. There are pro-cons associated with each. For example, having beam decisions taken by the network, can allow the network to schedule overlapping UEs that have non-interfering spatial beams, however it increases beam indication and application latency. This topic can be further studied
Proposal 11: For enhanced SL operation on FR2 licensed spectrum, for mode 1 study network-based beam management. 

For mode 2, the resource allocation is performed autonomously by the UEs. The sensing operation and the resource selection can be impacted by beam forming. For example, when performing sensing at a UE the transmissions from a second UE are only detected when sensing in the direction of second UE. RAN1 should further study the impact of beam forming on sensing and resource selection.
Proposal 12: For enhanced SL operation on FR2 licensed spectrum, study the impact of beam forming on sensing and resource selection.

Another area of study mentioned in the WID is “beam failure recovery”.  Unlike the Uu interface, which has a centralized node (the gNB), SL is a distributed system with many peer-to-peer links, that could fail in either direction. In Uu reference signals are transmitted by the gNB to be used for beam detection and new beam identification, these signals can be used by multiple UEs (the beam detection and recovery reference signals in Uu are DL periodic reference signals, there are no UL RS used for beam detection or recovery). Using SL periodic reference signals transmitted from multiple UEs for beam detection and recovery can increase the overhead on the SL interface. Beam failure recovery includes two parts: (1) beam failure detection, and (2) beam failure recovery. 
In RAN1#112b-e, the following proposal was discussed, but not agreed.

Proposal 3-1-g: RAN1 can consider the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
· FFS whether/how to support candidate beam identification in case of BFD
· Note: this scheme follows the principle of sidelink RLF.
· FFS any other enhancements
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
· FFS details on reference signal for BFD 
· Note: this scheme follows the principle of Uu BFR.
·  FFS any other enhancements
· FFS: other options are not precluded.
· FFS: whether/how to down-select among options, or to prioritize the study of Scheme 2.

This proposal can serve as a starting point for the RAN1#113 discussion. Let’s consider a link between UE1 and UE2. UE1 transmits PSCCH/PSSCH to UE2 and UE2 transmits PSFCH back to UE1 with the HARQ-ACK. In scheme 2, the BFD is performed at UE2. This can be based on measuring the L1-RSRP of a reference signal associated with the PSSCH/PSCCH transmission. For example, this reference signal can be PSSCH DMRS or PSCCH DMRS or CSI-RS. The CSI-RS can be transmitted using the same transmit beam as the PSSCH/PSCCH. The CSI-RS can be in the same slot as PSSCH/PSCCH or in a different slot. There are various trade-offs to consider when using PSSCH DMRS/PSCCH DMRS versus CSI-RS for BFD. Using CSI-RS adds additional overhead, however, it can allow for early detection of beam failure. RAN1 can further study the channel or reference signal used for beam failure detection (detection of a beam failure instance), for example whether the PSSCH/PSCCH DMRS can be used for beam failure detection or whether there is a benefit to define a new (periodic) reference signal for BFD. If a new reference signal is defined for beam detection, under what conditions is the reference signal triggered including impact on overhead, latency of BFD and reliability on BFD. 
In scheme 1, the beam failure detection is performed at UE1, UE1 determines if UE2 has received the PSSCH/PSCCH transmission through the HARQ-ACK feedback conveyed on PSFCH. The result of PSFCH decoding can be:
· Positive acknowledgement. This indicate that the PSSCH/PSCCH channel has been successfully received at UE2.
· Negative acknowledgement. This indicates that the SL-SCH channel has not been successfully decoded at UE2. However, the first stage SCI and the second stage SCI have been successfully decoded. This case can’t be considered as a case of beam failure as first stage and second stage SCIs have been successfully decoded indicating a reasonable beam pair from UE1 to UE2.
· DTX, i.e., PSFCH is not detected. This can be due to:
· UE2 not receiving PSCCH/PSSCH and hence not sending any HARQ-ACK feedback. There are many reasons that cause this: (1) Low SINR or high interference, (2) half-duplex issue, (3) bad beam pair on the link between UE1 to UE2.
· UE2 received PSCCH/PSSCH and transmitted PSFCH. However, UE2 didn’t receive PSFCH. This can be due to: (1) Low SINR or high interference, (2) bad beam pair on the link between UE2 to UE1.
Observation 2: Receiving a positive or negative HARQ-ACK at the UE transmitting PSSCH/PSCCH is an indication that the beam pair on the link between the UE transmitting PSSCH/PSCCH and the UE receiving PSSCH/PSCCH is good.
[bookmark: _GoBack]Observation 3: Receiving a HARQ-ACK DTX at the UE transmitting PSSCH/PSCCH doesn’t necessary indicate that the beam pair on the link between the UE transmitting PSSCH/PSCCH and the UE receiving PSSCH/PSCCH has failed.
An alternative to scheme 1, is to measure the RSRP or the SINR of the PSFCH channel. If the RSRP or SINR is low (e.g., below a threshold), but is not zero, this can be an indication of a beam failure for the link from UE2 to UE1. Therefore, we propose to update scheme 1 as follows: “Sidelink BFI is triggered based on the measurement of the PSFCH carrying the sidelink HARQ feedback”.
Proposal 13: For enhanced SL operation on FR2 licensed spectrum, study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer.
· Scheme 1: Sidelink BFI is triggered based on the measurement of the PSFCH carrying the sidelink HARQ feedback
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
For beam failure recovery, on the Uu interface, the beam recovery signals are periodic reference signals that are transmitted on different beams for the UE to measure and identify a new beam. Constantly transmitting such signals from all UE uses with links on the SL interface, can significantly increase overhead. RAN1 can study conditions when BFR reference signal are transmitted to reduce overhead without impacting the reliability of BFR. For example, the reference signals used for new beam identification can be triggered once a UE hase detected a beam failure. Once a new beam is identified by one UE, the beam is signalled to the other UE, and applied by both UEs of the link, as the communication between the UEs is in both direction, the timing of beam application in each direction can be different.
Proposal 14: For enhanced SL operation on FR2 licensed spectrum, RAN1 to study distributed operation for beam failure detection and beam failure recovery. The following aspects should be considered
· Channels and/or reference signals used for beam failure detection and new beam identification, including trigger conditions to transmit these signals.
· Signalling aspects for indication of new beams during beam failure recovery.
· Timing aspects for application of new beams identified during beam failure recovery.
Conclusions
The following observations and proposals have been made regarding SL operation on FR2 licensed spectrum
Proposal 1: On Enhanced SL operation on FR2 licensed spectrum, for scenario 1 of initial beam acquisition, further study the following:
· The UE transmitting the beam identification signal, is the UE receiving the link establishment message.
· The UE transmitting the beam identification signal, is the UE transmitting the link establishment message.
· The information conveyed by the beam identification signal.
· Association of transmit and/or receive beams to slot indices.
Proposal 2: On Enhanced SL operation on FR2 licensed spectrum, for scenario 2 of initial beam acquisition, further study the following:
· Transmit beam sweeping pattern from the UE transmitting the link establishment pattern, including beam sweeping with multiple repeated transmissions on the same beam and beam sweeping without multiple repeated transmissions.
· Power ramping during beam sweeping.
· Mapping of transmit beams to slot index.
· Container of beam indication from UE receiving link establishment to UE transmitting link establishment including content and beam.
· Beam decision making criterion in UE transmitting link establishment and UE receiving link establishment.
Proposal 3: For enhanced SL operation on FR2 licensed spectrum, RAN1 can support multiple mechanisms for initial beam pairing with different latency and overhead targets.
Proposal 4: For enhanced SL operation on FR2 licensed spectrum, consider legacy P-2 or P-3 procedures for sidelink beam maintenance.
Proposal 5: For enhanced SL operation on FR2 licensed spectrum, CSI-RS can be used for beam management, the following are supported:
· SL CSI-RS transmitted with other SL data, as well as standalone SL CSI-RS within a slot.
· SL CSI-RS can be periodic, semi-persistent or aperiodic.
· SL CSI-RS using the same transmit beam on multiple symbols of a slot.
· SL CSI-RS using different transmit beams within a slot.
Proposal 6: For enhanced SL operation on FR2 licensed spectrum, the consider the following for the beam measurement report:
· Report contents: The report contains 4 pairs of CRI/L1-RSRP using differential reporting.
· Report container: For mode 1 resource allocation, additional consider Uu PHY layer signalling (UCI) and Uu MAC CE.
· Report timing: Report can be periodic, semi-persistent or aperiodic.
Proposal 7: For enhanced SL operation on FR2 licensed spectrum, study beam indication mechanisms including aspects such:
· Design of beam indicators.
· Joint vs separate beam indication.
· Configuration and signalling of beam indicators.
· Which UE can perform as a controller to determine a beam pair to use and associated signalling.
Proposal 8: For determining the PSFCH transmit/receive support both of the following options:
· PSFCH transmit beam is derived, based on SL beam correspondence, from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· PSFCH transmit beam is the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is the PSCCH/PSSCH receive beam for reverse data transmission.
Proposal 9: For enhanced SL operation on FR2 licensed spectrum, study signaling and procedures for receive beam refinement including: 
· Requesting transmission of reference signal with beam repetition.
Proposal 10: For enhanced SL operation on FR2 licensed spectrum, study beam-based open-loop power control operation.
Proposal 11: For enhanced SL operation on FR2 licensed spectrum, for mode 1 study network-based beam management. 
Proposal 12: For enhanced SL operation on FR2 licensed spectrum, study the impact of beam forming on sensing and resource selection.
Observation 2: Receiving a positive or negative HARQ-ACK at the UE transmitting PSSCH/PSCCH is an indication that the beam pair on the link between the UE transmitting PSSCH/PSCCH and the UE receiving PSSCH/PSCCH is good.
Observation 3: Receiving a HARQ-ACK DTX at the UE transmitting PSSCH/PSCCH doesn’t necessary indicate that the beam pair on the link between the UE transmitting PSSCH/PSCCH and the UE receiving PSSCH/PSCCH has failed.
Proposal 13: For enhanced SL operation on FR2 licensed spectrum, study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer.
· Scheme 1: Sidelink BFI is triggered based on the measurement of the PSFCH carrying the sidelink HARQ feedback
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
Proposal 14: For enhanced SL operation on FR2 licensed spectrum, RAN1 to study distributed operation for beam failure detection and beam failure recovery. The following aspects should be considered
· Channels and/or reference signals used for beam failure detection and new beam identification, including trigger conditions to transmit these signals.
· Signalling aspects for indication of new beams during beam failure recovery.
· Timing aspects for application of new beams identified during beam failure recovery.
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