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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#98-e, the WID on NR sidelink evolution was updated to approve extending the study on SL FR2 for the remainder of Rel-18 [1]. The objective on FR2 is:
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.
[bookmark: _Ref129681832]According to the WID, Uu beam management concepts and the existing sidelink CSI framework is to be reused as much as possible and RAN1 should focus on the support of sidelink FR2 beam management including initial beam-pairing, beam maintenance, and beam failure recovery, etc. In this contribution, we provide our considerations on identifying issues on using the existing design framework for SL FR2 including initial beam sweeping by using S-SSB, beam refinement by using SL CSI-RS, beam indication and BFR (beam failure recovery).
2 Initial Beam Pairing
2.1 [bookmark: _Ref130480693]Relationship between Initial Beam Pairing and Unicast Link Establishment
In RAN1#112bis-e [3], the relationship between the PC5 unicast link establishment and sidelink initial beam pairing was discussed, including the “before”, “during” and “after” cases. The agreements of each case are listed in the following sections, with respective details about their advantages and disadvantages, open FFSs as well as feasibilities.
2.1.1 [bookmark: _Ref133519621]Initial beam pairing before sidelink unicast link establishment
For performing initial beam pairing before sidelink unicast link establishment, the following agreement was made:
	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 this agreement, procedures for performing initial beam pairing before unicast link establishment are illustrated, i.e., initial beams are paired first and unicast link is established through the paired beam. The key aspect of performing the initial beam pairing first is so that the UE can take advantage of the paired beams to establish the unicast link. This would allow the TX UE to establish unicast links with other RX UEs that are farther away, up to 71m, thereby catering to advanced commercial use cases including communications within stadiums and large event venues, as well as high performance audio equipment in concerts. Another advantage of performing the initial beam pairing first is that the TX UE can avoid multiple TX beam sweeps on all beams for transmitting the DCR (Direct Communication Request) message in order to initiate the L2 unicast link establishment procedure with the intended RX UE, and instead transmit the DCR message on only the paired beams. It also has to be borne in mind that if the TX UE has to perform multiple TX beam sweeps, the DCR is transmitted using the PSSCH, and hence multiple such transmissions are required in order to establish the unicast link, resulting in an inefficient utilization of resources.  
[bookmark: _Ref134544247]Observation 1: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link,
· By using the directional beam pair link, the TX UE is able to establish unicast links with RX UEs that are farther away, as compared to when omni-directional beams are used.
· The TX UE can avoid multiple TX beam sweeping for transmitting the DCR for unicast link establishment.
Performing initial beam pairing first is similar to the Uu procedure, where the gNB and UE use SSB and PRACH to determine the initial beam pair, and conduct RRC connection establishment through the paired beam. Therefore, following the Uu design, S-SSB can be enhanced and used for initial beam pairing in SL FR2. In Rel-16, S-SSBs are transmitted with a period of 160 ms outside the resource pool(s). For initial beam pairing, S-SSBs should also be periodically transmitted through (pre-)configured resources outside the resource pool(s) to enable beam management. The transmission period and S-SSB transmission slots from the legacy NR SL design can be regarded as baseline. This would enable the UE to have a (pre-)configured and dedicated set of resources for S-SSB transmissions, avoiding the need for UEs to find out the resources where S-SSBs are transmitted, and will not affect the resource utilization within the (pre-)configured resource pool. Detailed solutions of using S-SSB for initial beam pairing are discussed in Section 2.2.1.
As shown in Figure 1, periodic transmission resources are (pre-)configured for S-SSBs with different beam directions. When receiving S-SSBs, UE2 can perform PSBCH-RSRP measurement, where both S-SSS and PSBCH DMRS can be applied. After measuring all the S-SSBs, the optimal transmit beam of UE1 is determined based on the measurement result, i.e., the S-SSB with the highest measured RSRP is selected. The receive beam of UE2 is then determined accordingly based on UE1’s transmit beam. 
For each S-SSB occasion, a (pre-)configured associated report resource is required for UE2 to transmit the beam report and for UE1 to receive the corresponding beam report. Based on the resource of the received beam report and by using a (pre-)defined mapping rule between the resource used to transmit the S-SSB by UE1 and the report resource used by UE2, UE1 can determine the indicated transmit beam. For example, for UE2, if S-SSB2 is the optimal beam based on its RSRP measurement results, it should transmit the beam report on the corresponding report occasion 2 (RO2), after all the S-SSBs are transmitted by the UE1. Based on the mapping of the S-SSB and RO, the beam index is implicitly indicated by transmission time resources of the report. In order for UE1 to identify the corresponding beam report from UE2, UE1’s ID related information should be carried in the beam report, and detailed solutions are illustrated in Section 2.2.1. For UE1, it is expected to use the corresponding RX beams for each RO. After receiving the beam report in RO2, the UE1 should be able to identify desired beam, i.e., beam2, for transmission. Then, based on the determined TX and RX beam pair, unicast link can be established following the existing link establishment procedure.
[image: ]
[bookmark: _Ref134544163]Figure 1: S-SSB and associated beam report occasion (RO)
[bookmark: _GoBack]For the case where multiple UE2s receive the same S-SSB from UE1 and the corresponding beam is determined as the optimal TX beam by multiple UE2s, it is possible that UE1 receives beam reports from UE2s on the same resource associated with the selected TX beam according to the mapping rule. However, this does not lead to resource collisions since it is not necessary for UE1 to distinguish between different reporting UEs. For UE1, it is not able to identify whether there are multiple UE2s or not, but it only confirms that the corresponding beam direction is selected as an optimal TX beam. The DCR (Direct Communication Request) message can then be transmitted by UE1 through the determined beam and the multiple UE2s can correspondingly receive the message, which is consistent with legacy procedures, where the DCR message is received by multiple UEs around the transmitter. As shown in Figure 2, when UE2a and UE2b determines that S-SSB1 from UE1 is the optimal TX beam, they transmit the corresponding beam report in RO1. If multiple UE2s are reporting to the same UE1 for the same S-SSB, they will use exactly the same time-frequency-code domain resource of the report, which will be regarded as a single indication by UE1 without collision. After receiving the beam report, S-SSB1 transmits the DCR message through beam1. Both UE2a and UE2b can then receive the message and decide whether to transmit corresponding responding messages through resource selection following the Rel-16 framework. Therefore, UE1 does not need to identify different UE2s and there is no collision when multiple UEs transmit beam report on the same resource. Note that UE2a and UE2b can use orthogonal resources to avoid collisions if they are reporting to different UE1s in the same RO. The detailed design of beam reporting resource mapping based on the UE1’s ID is discussed in Section 2.2.1 and Figure 5.
[image: ]
[bookmark: _Ref133515334]Figure 2: S-SSB and associated beam report for multiple UEs
In Rel-16, UEs cannot identify their peer UEs without link establishment and the unicast link establishment messages are received by multiple UEs including the UEs that do not have transmission requirements. Similarly, during initial beam pairing, the target is to determine TX and RX beam pairs. Once these beam pairs are determined, unicast link establishment messages can then be transmitted through the determined beam direction. 
[bookmark: _Ref134203271]Observation 2: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link,
· UE1 does not need to identify different UE2s and there is no collision when multiple UEs transmit beam reports on the same resource.
· UEs does not need to identify peer UEs during initial beam pairing, and unicast link establishment messages can be transmitted and peer UEs can be confirmed through the paired beams.
[bookmark: _Ref134544288]Proposal 1: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link, 
· UE1 periodically sends S-SSBs on (pre-)configured occasions via different transmit beams outside the resource pool(s).
· UE2 measures the S-SSBs and determines a UE1 transmit beam and a UE2 receive beam based on RSRP measurement results.
· UE2 performs PSBCH-RSRP measurement as per the legacy NR SL design.
· The beam with the highest measured RSRP is determined as the receive beam of UE2 and the corresponding TX beam is determined as the transmit beam of UE1.
· UE2 indicates to UE1 the determined UE1 transmit beam through associated report resources that are determined using a (pre-)defined mapping rule with S-SSB transmission resources.
· UE1’s ID related information is carried in the beam report.

2.1.2 [bookmark: _Ref134086988]Initial beam pairing during sidelink unicast link establishment
For performing initial beam pairing before sidelink unicast link establishment, the following agreement was made: 
	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.


It is difficult to use PSCCH/PSSCH for initial beam pairing with DCR messages, where the DCR message is used to search for the corresponding UE2s to initiate a sidelink unicast connection. This is because the DCR message is a higher layer message and would result in more specification work for other WGs to redesign it in order to incorporate UE specific information. In addition, in the PHY layer, when RX UE2 receives the PSCCH/PSSCH, it is unaware of whether the payload of the transmission is a DCR or any other data transmission. UE2 would attempt to decode multiple such higher layer messages from different beams and directions, which would lead to an increased latency for performing the initial beam sweeping procedure and the link establishment procedure. 
Another drawback is that the existing mechanism for reporting feedback on a successfully received DCR message is the use of a DCA (Direct Communication Accept) message, which is also transmitted on the PSSCH. Without mapping between the resources used to transmit the DCR and its respective DCA, it would be unclear for UE1 as to when and with which beam to receive the report because UE1 is expected to use the corresponding beam to receive the DCA message. It would also be difficult for UE2 to determine when the beam sweeping of UE1 begins or ends and how to adjust the RX beam. UE2 would have to transmit the DCA multiple times before the UE1 can receive and determine the ideal beam pair. It has to be noted that using a DCA message for beam reporting would cause additional overhead and increased latency for SL initial beam pairing compared to Uu where PRACH is used. Similarly, DCA is also a higher layer message which cannot be identified by the PHY layer and leads to increased specification work if it needs to contain beam-related and UE-specific information, apart from increasing latency and overhead.
Therefore, it is not feasible to use unicast link establishment messages like DCR/DCA for initial beam pairing based on the critical issues discussed above.
[bookmark: _Ref134731608]Observation 3: It is not feasible for UE1 to perform initial beam pairing procedure during the establishment of a unicast link using unicast link establishment messages like DCR only without reference signals.
· UE2 would have to attempt to decode multiple PSCCH/PSSCHs with higher layer DCR messages from different beams and directions in order to perform the initial beam sweeping procedure and the link establishment procedure. 
· It would be unclear for UE1 as to when and with which beam to receive the report without mapping between the resources used to transmit the DCR and its respective DCA.
· UE2 would have to respond using a DCA message, which would cause additional overhead and increased latency.

On the other hand, it is possible that reference signals, e.g., SL CSI-RS, are transmitted together with unicast link establishment message for initial beam pairing. Following the Uu beam maintenance procedure, beam sweeping can be achieved through transmitting SL CSI-RS. After performing beam measurement, a corresponding beam report can be used to indicate the preferred beam by the RX UEs. When compared with using the DCR/DCA messages only, using reference signals do not require the UE to decode the higher layer messages for beam pairing and the beam pairing procedure can be performed in the PHY layer without specification work for other WGs. 
However, there are still some open issues when using PSCCH/PSSCH in combination with reference signals for initial beam pairing. Unlike S-SSBs, which use (pre-)configured resources, the transmission resources to be used for SL CSI-RS are dynamically selected in Rel-16/17, and for initial beam sweeping, these resources are not known beforehand to the RX UEs. The RX UEs may not know where to receive the signal and when the SL CSI-RS beam sweeping procedure has finished. In addition, legacy SL CSI-RS and SL CSI reporting schemes are configured by PC5-RRC for sidelink, which is only available after unicast establishment. Hence a new method for configuring the SL CSI RS reporting needs to be studied.
Even if the combination of reference signals and DCR/DCA is used, it is also not clear how UE1 can inform UE2 to use one of the multiple indicated beams. If UE2 reports multiple beams to UE1 and UE1 determines one of the beams to be used, UE2 is unaware of UE1’s decision, leaving UE2 in the dark regarding which beam UE2 should use to receive UE1’s beam determination or message from a selected beam. 
[bookmark: _Ref134731633]Observation 4: For the case where UE1 performs the initial beam pairing procedure during establishing a unicast link, reference signals, e.g., SL CSI-RS, can be considered in combination with DCR/DCA messages for beam pairing instead of using PSCCH/PSSCH messages, e.g. DCR, only. 

2.1.3 [bookmark: _Ref134089499]Initial beam pairing after sidelink unicast link establishment
For performing initial beam pairing after sidelink unicast link establishment, the following agreement was made:
	Agreement
For UE1 and UE2 in a unicast link, RAN1 to study the selection of both UE1’s transmit beam and UE2’s corresponding receive beam. 
Note: this applies for both PSCCH/PSSCH transmission/reception and PSFCH transmission/reception. 
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


According to the first agreement above, RAN1 should study UE1’s transmit beam and UE2’s corresponding receive beam for PSCCH/PSSCH transmission/reception, essentially ruling out omni-direction antennas. The use of omni-directional beams in FR2 is challenging primarily because of its limited communication range. It is possible that the DCR message is limited in its reach due to the restricted communication range of the omni-directional beams, thereby curbing the ability of the TX UE to establish links with RX UEs that are farther away. According to TR 37.885, the antenna gains of antenna element patterns for pedestrian UE and cellular UE are defined. Following the agreements on evaluation methodology in RAN1#110bis-e, the channel model for UMi - Street Canyon specified in TR 38.901 is used to evaluate the communication range with 10dB SNR, with detailed assumptions provided in Appendix Table 3. As shown in Table 1, for example, when both TX UE and RX UE use directional beams, the communication range is 71m with a 10dB SNR. Without directional beams in both TX and RX UEs, there will be a 10dB loss, resulting in significant communication range restrictions, especially for the previously mentioned commercial use cases including communications within stadiums and large event venues. Another disadvantage of using omni-directional beams is that it would miss out on the performance gain from spatially reusing resources across directional beams, when they are sufficiently isolated. Therefore, omni-directional beams lead to significant performance loss compared to directional beams that are used in FR2, even when used for only the RX beam training. Therefore, for unicast link establishment, both the transmit beam and receive beam are required and using omni-directional antenna is not supported. Note that although Rel-16 NR SL supports FR2 operations, there is no conclusion that SL FR2 without TX and/or RX beam training is feasible.
[bookmark: _Ref134729119]Table 1: Communication range with pedestrian UE and cellular UE antenna configurations
	Antenna gain
	5dBi
(Pedestrian UE and cellular UE)

	Scenario
	Both sides are omni-directional
(TX:0dBi; RX:0dBi)
	Only one side is directional 
(TX:5dBi; RX:0dBi)
	Both sides are directional
(TX: 5dBi; RX: 5dBi)

	Communication range 
	12m
	33m
	71m


Without the initial beam pairing procedure taking place before unicast link establishment, UEs may not be able to determine appropriate beam pairs for the required information exchange, where the essential communication range still cannot be guaranteed. To enable beam-based unicast link establishment, beam pairing is essential to determine the TX beam and RX beam pair first. In Uu, a three-stage initial beam pairing procedure is used, i.e., P1, P2 and P3, which is more effective compared to an exhaustive beam search. For SL FR2, the initial beam pairing procedure needs to be specified and it is not feasible to perform beam pairing by UE implementation since UEs need prior information to determine transmit and receive resources. To enable FR2-based standalone communications, FR1 assistance and use of prior information have not been discussed so far. Since there is an ambiguity as to whether FR1-assisted FR2 can be supported, it is unclear how a UE can access two carriers given that SL is single carrier operation.
The main objective of initial beam pairing is to determine transmit and receive beam pairs between UEs. For initial beam pairing using SL CSI RS, if a unicast link is already assumed to be established, aspects related to the transmitting/receiving the resource configuration, beam sweeping, beam determination and beam reporting procedures are the same as in beam maintenance, where SL CSI-RS based beam sweeping and reporting is supported, and are elaborated in Section 3.1. 
Therefore, based on these arguments, it is not feasible to perform initial beam pairing after sidelink unicast link establishment.
[bookmark: _Ref134203280][bookmark: _Ref134726244][bookmark: _Ref130927446]Observation 5: It is not feasible to perform initial beam pairing after sidelink unicast link establishment.
· The communication range for the transmission of DCR is less than halved when beam training is performed only by the TX UE and not by the RX UE, resulting in significant communication range restrictions and performance losses.
· Initial beam pairing is essential for unicast link establishment since UEs need prior information to determine transmit and receive resources.
· FR1-assisted FR2 is not supported.

2.2 Initial Beam Sweeping
2.2.1 [bookmark: _Ref134262768]Using S-SSB
In RAN1#112bis-e [3], the following agreement on adapting S-SSB for initial beam pairing was made:
	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 


Based on the procedures of performing initial beam pairing before sidelink unicast link establishment using S-SSB discussed in Section 2.1.1, the first issue to be addressed is whether to enable UE2 to identify UE1 from UE1’s S-SSB transmission. During initial beam pairing, it is important for UE2 to be able to distinguish between multiple beams from a single UE1 and multiple UE1s, otherwise, UE2 cannot determine which one is the optimal beam or the exact number of optimal beams needs to be reported. For example, UE2 should differentiate scenarios between Figure 3a) and Figure 3b). For Figure 3a), after measuring UE1’s TX beams, UE2 can report beam TX2 to UE1 as the optimal beam. However, if UE2 cannot identify different UE1s in Figure 3b), it may only report the beam to UE1b only, though it is supposed to report to UE1a and UE1c as well. Therefore, it is necessary to include UE1-specific information in each TX beam, so that an RX UE is able to identify beams from one or more TX UEs, and determine which TX/RX beams are to be used for communication to respective UEs based on beam training results.
	[image: ]
	[image: ]

	a) a pair of UEs for beam training
	b) multiple pairs of UEs for beam training


[bookmark: _Ref126487553]Figure 3: NR SL FR2 initial beam sweeping
Now that it has been determined that it is important to enable UE2 to identify UE1, we explore the possibility of enhancing the existing S-SSB design in order to facilitate this. In the legacy NR SL design, S-SSB is used only for synchronization and is composed of S-PSS, S-SSS and PSBCH, where the SL-SSID is carried through S-PSS and S-SSS. SL-SSID is used for identifying the synchronization source type, i.e., whether the synchronization source is within or outside coverage and whether the UE has direct or indirect connection to the synchronization source. Therefore, existing SL-SSID is not unique to each UE, and cannot be used to distinguish different UEs. For PSBCH, fields included in the MIB content are common to UEs that are located in close proximity to each other, i.e. not UE-specific. Note that the DMRS for PSBCH is also determined by SL-SSID and thus it is not UE-specific. 
Similar to the Uu procedure, where the physical-layer cell IDs are carried in PSS/SSS and used to identify cells, SL-SSID can be enhanced to differentiate different UEs with UE-specific information. Based on the existing S-SSB structure and contents, the SL-SSID carried in S-PSS and S-SSS can be enhanced by dividing them into two decoupled parts: UE-specific information indication  and synchronization information indication . For synchronization information, it can be determined by reusing the existing procedure and for UE-specific information, it can be determined based on the source and/or destination IDs.
In the legacy NR SL design, there are certain conditions where the SL UE does not transmit the S-SSB itself, which cannot be an option if S-SSB is to be used for initial beam sweeping. Currently, if a SL UE is synchronized to a SyncRefUE or a cell with high RSRP measurement results, it does not need to transmit S-SSB. In order to overcome the issue where the UE does not transmit S-SSB at all times, for it to be reused in SL FR2, if the UE is performing initial beam sweeping, it should be mandated to transmit S-SSB without considering synchronization conditions.
In Rel-16,  S-SSBs are transmitted in a period of 160 ms at occasions outside of the resource pool(s). Indexes of slots for S-SSB transmissions are determined by a slot offset   from the start of the period to the first slot including S-SSB, a slot interval  is defined between S-SSB transmissions and S-SSB index  indicates the number of S-SSBs within the period, satisfying +. The transmission slots used for S-SSB transmissions in NR SL may not be suitable for beam sweeping, considering the number of beams, beam sweeping period and beam sweeping patterns, as well as for beam measurement reporting. For example, the number of beams should be considered for determining the number of S-SSB transmissions such that all directions of beams are covered. Since existing S-SSB transmission slot determination with a slot offset, a slot interval and number of S-SSBs is a flexible indication method, it can be regarded as baseline. The mapping between S-SSB transmission resources and particular beam information can be up to UE implementation. With multiple directional beams, UE1 can determine by itself which beam to use on each (pre-)configured resource, since the mapping relationship can be maintained by UE1 and is not related to UE2.
Following the Rel-16/17 S-SSB design, the structure of S-SSB can be reused for SL FR2, including S-PSS, S-SSS and PSBCH. For SL FR2, periodic S-SSB resources can be (pre-)configured outside the resource pool(s), and triggering or activation of S-SSB transmission is not needed. In order to enable SL synchronization and reuse legacy mechanisms, the only modification required is for the SL-SSID, which is described above, while other contents can be reused. A set of (pre-)configured S-SSB transmission resource patterns can be utilized to reduce overlapped S-SSB transmissions from different UEs as well as address the half duplex issues, which is discussed in Section 2.3.
Regarding beam reporting for initial beam pairing with S-SSB, a mapping rule is required between S-SSB transmission resources and corresponding beam reporting resources as discussed in section 2.1.1, i.e., dedicated resources for beam reporting are (pre-)configured for each S-SSB transmission occasion and beams are differentiated through different transmitting/receiving resources. Another issue to be addressed is how to enable UE1 to identify the corresponding beam reporting from UE2. For UE2, the beam measurement report should indicate UE1-related information, otherwise UE1s may receive misleading reports from nearby UEs. As shown in Figure 4, UE-2a indicates S-SSB1 to UE-1a through RO1, and UE-2b indicates S-SSB3 to UE-1b through RO3. However, UE-1b may receive UE-2a’s report RO1 through the reporting occasion corresponding to S-SSB2, though UE-2a does not have measurement results of S-SSBs from UE-1b. If there is no UE1ID-related information included in the beam report, UE-1b may wrongly assume there is another UE2, i.e., UE-2a, that is going to use S-SSB2. Therefore, for beam measurement reporting, UE1-related information is needed for TX UEs to identify the transmitter of the report. 
[image: ] 
[bookmark: _Ref134277989]Figure 4: Beam measurement report conflict
[image: ]
[bookmark: _Ref133595257]Figure 5: Beam measurement report conflict
In order to facilitate such a mapping between the S-SSB and its corresponding beam reporting resource, we explore a solution that is similar to the PRACH mapping used in Uu. As shown in Figure 5, a PSFCH-like channel can be used for beam reporting that carries UE1-related information to indicate the target receiver of the beam report. For each S-SSB transmission occasion, a RO, i.e., S-SSB-PSFCH in the figure, is (pre-)configured to be used for beam indication. Within each RO, the PSFCH slot structure of Rel-16 can be reused as along with the corresponding AGC and GAP symbol. Then, UE1 related information, i.e., SL-SSIDs, can be carried by the S-SSB-PSFCH through frequency domain and code domain resources. For example, after decoding the SL-SSID of UE1, e.g., SL-SSID = 2, UE2 is able to identify UE1’s ID for initial beam pairing. When transmitting the beam report to UE1, UE2 should use the corresponding RB and cyclic shift to indicate UE1’s SL-SSID. The mapping between the reporting resources and SL-SSID can be (pre-)configured, e.g., the second RB and the first cyclic shift is used for SL-SSID = 2, as shown in Figure 5. UE1 can then identify whether the beam report is intended for itself or not.
[bookmark: _Ref134203282]Observation 6: The following issues have been identified and needs to be addressed in order to use S-SSB for initial beam pairing:
· UE2 should be able to distinguish between multiple beams from a single UE1 and multiple UE1s, otherwise, UE2 cannot determine which one is the optimal beam for which UE1 or the exact number of optimal beams that needs to be reported to multiple UE1s.
· Existing SL-SSID is not UE-specific, as it only carries information for identifying the synchronization source type, synchronization source coverage status and type of connection to the synchronization source.
· When a SL UE is synchronized to a SyncRefUE with high RSRP measurement results or a cell with high RSRP measurement results, the UE does not always need to transmit S-SSB.
· Transmission slots used for S-SSB are designed for synchronization, which may not be suitable for beam sweeping.
· UE2s should indicate UE1’s ID-related information in the beam report, otherwise, UE1s may receive misleading reports from nearby UEs.
[bookmark: _Ref130927490]Proposal 2: For SL FR2 initial beam pairing, the following enhancements are considered for S-SSB:
· UE1’s S-SSB transmission carries UE1’s ID-related information.
· Study the use of S-PSS and S-SSS resources, i.e., enhanced SL-SSID, to indicate UE-specific information (e.g., source and/or destination IDs) and synchronization information.
· Mapping between S-SSB transmission resources and beam related information is up to UE implementation.
· S-SSB is transmitted when a UE is performing initial beam sweeping without considering synchronization conditions.
· S-SSB transmission slots are determined according to number of beams, beam sweeping period, beam sweeping patterns and beam measurement reporting resources.
· Study the enhancement of (pre-)configured periodic S-SSBs transmitted using resources outside the resource pool(s).
· Indication of UE1’s UE ID in beam reporting is supported for UE2 to indicate the target UE1.
· Study the use of the existing PSFCH sequence to indicate UE-specific information.

2.2.2 [bookmark: _Ref134187696]Using SL CSI-RS
In RAN1#112bis-e [3], the following agreement on adapting SL CSI-RS for initial beam pairing was made:
	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 


As discussed in section 2.1.2, when initial beam pairing is performed during unicast link establishment, initial beam pairing can be achieved through multiple PSCCH/PSSCH transmissions with SL CSI-RS using the existing slot structure. However, in contrast to S-SSBs, which use (pre-)configured resources, the transmission resources to be used for SL CSI-RS are dynamically selected in Rel-16/17, and for initial beam sweeping, these resources are not known beforehand to the RX UEs. The RX UEs may not know where to receive the signal and when the SL CSI-RS beam sweeping procedure has finished. 
For FR2 initial beam pairing, periodic reference signals are essential for TX and RX UEs to determine a beam pair. Without periodic reference signals, the RX UE would not be aware of when and with which beam to expect the reference signal transmissions. Aperiodic SL CSI RS transmissions are already supported in legacy NR SL, and its procedures can be reused for SL FR2, as described in Section 3.1.1. With regards to SL CSI RS transmissions without SCI indication, it has to be borne in mind that when transmitting within the resource pool, SCI indication is essential for the sensing and resource selection procedure to avoid transmission conflicts. If SL CSI-RS is transmitted without SCI indication, it may require dedicated resources and a significant amount of specification work in order to define these resources.
In Rel-16/17, SL CSI-RS resources and SL CSI reporting are configured by using PC5-RRC for sidelink, which is only available after unicast establishment. Therefore, mapping between SL CSI-RS transmission/resource and beam related information, SL CSI-RS beam sweeping resources, associated beam reporting resources and periodicity cannot be obtained for initial beam pairing. For beam reporting, if the existing CSI report is used through the MAC CE, there is no mapping between the resources used to transmit the CSI-RS and its respective CSI report. Hence, it would be unclear for UE1 as to when and with which beam to receive the report. For example, as shown in Figure 6, UE2 may send the CSI report at any slot within the latency bound before slot k subject to its own resource selection after UE1 performs beam sweeping. But the UE1 may not be able to determine on which RX beam and on which resources to receive the report since the corresponding RX beams are required for each TX beam. It is also possible that UE1 needs to transmit to other UEs in some slots, e.g., slot k-1, in which case UE1 cannot receive the corresponding beam report if UE2 transmits the beam report on the same slot, leading to half-duplex issues. Also, CSI reports are conveyed using a MAC CE, which leads to increased latency.
 [image: ] 
[bookmark: _Ref134089249]Figure 6: Unclear receiving resources for TX UE to receive CSI report
Here we discuss the possibility of using SL CSI RS for initial beam pairing before, during or after unicast link establishment. In order to use SL CSI RS for the “before” scenario, if transmitted following the existing slot structure with SCI indication, it is possible to use standalone SL CSI RS transmissions with MAC CE only. Within the resource pool, SL CSI-RS transmission should follow the existing slot structure, i.e., with SCI indication, to avoid interference and resource conflicts. However, it is more efficient to transmit unicast link establishment messages together within the same slot of SL CSI-RS, if it is applied for initial beam pairing during unicast link establishment. As analyzed in section 2.1.3, performing initial beam pairing after unicast link establishment is not feasible.  
In order to transmit SL CSI RS with SCI indication for initial beam pairing, using the existing resource selection procedure, it is possible that different UEs select the same resource for transmission of the SL CSI RS and leads to resource conflicts. This issue is compounded by the fact that it is transmitted together with data transmission within the resource pool and can be affected by transmissions by other UEs. Therefore, it is difficult to handle the case when multiple UEs transmit SL CSI RSs on the same resources and requires further study.
During initial beam pairing, it is not necessary to use the same transmit beam for beam sweeping, which is supported in Uu for beam maintenance by enabling “repetition”. Initial beam pairing can be achieved without repetition of transmit beams following the Uu, i.e., P1 procedure. By introducing two transmission mechanisms at UE1, i.e., with and without repetition of transmit beams, UE2 may not be able to identify how to determine its receiving beam.
Hence the discussed issues need to be addressed for the SL CSI-RS framework to be used for initial beam sweeping. 
[bookmark: _Ref134203342][bookmark: _Ref126672205][bookmark: _Ref130927493][bookmark: _Ref134726250]Observation 7:  For SL FR2 initial beam sweeping using SL CSI-RS, the following issues need to be addressed:
· Resources to be used for transmit and receive beams are not known to the UEs without PC5-RRC configuration.
· Transmission resources to be used for SL CSI-RS
· Periodicity of SL CSI-RS transmission
· When using resources within the resource pool, SCI indication is needed for SL CSI-RS transmissions.
· Mapping between the transmit beam and its associated beam report is not clear for CSI reporting through MAC CE.
· SL CSI-RS can only be applied for initial beam pairing during unicast link establishment
· SL CSI-RS transmission may suffer from resource conflicts by other UEs data transmission due to resource sensing and selection procedures.
· SL CSI-RS transmission with repetition on transmit beams is not needed.

2.3 [bookmark: _Ref134536692]Handling of Multiple Beam Directions and Half Duplex Issue
Unlike in Uu beam pairing, where all UEs perform beam alignment with the gNB, SL is a distributed system and there is no centralized scheduler for UEs. Therefore, it is difficult for a UE to decide whether and on which beam direction to transmit or receive beam pairing signals without any prior information. In this case, it is possible that UEs may decide to transmit or receive beam pairing signals at the same time. As shown in Figure 7, if both UE1 and UE2 decide to transmit or receive S-SSB/SL CSI-RS together, they may not be able to hear each other, causing the half-duplex issue. Furthermore, with the existence of multiple beams, though UE1 and UE2 may not transmit or receive at the same time, they can know of each other’s existence only when UE1 is transmitting and UE2 is receiving with paired beams simultaneously. i.e., beam 2 of UE1 and beam 0 of UE2, and vice versa. Therefore, the half-duplex issue exists in beam-based SL FR2 transmission due to multiple beam directions and the lack of centralized scheduling.
[image: ]
[bookmark: _Ref127290426]Figure 7: SL FR2 TX/RX transmission conflict during beam alignment
[bookmark: _Ref127295374]Observation 8: In SL FR2, half duplex issues exist during initial beam alignment and beam maintenance due to multiple beam directions and a lack of centralized scheduling.

[bookmark: _Ref134103292]To address the half duplex issues, a set of (pre-)configured transmission patterns for initial beam sweeping can be utilized, where different transmission patterns with different transmission opportunities are selected by different TX UEs. For example, orthogonal transmission opportunities can be used to address the half duplex issue. In order to support more transmission patterns, non-orthogonal transmission opportunities can be considered to increase resource utilization.
[bookmark: _Ref127295416]Proposal 3: Study how to address the half duplex issue due to TX/RX transmission conflict and multiple beams in SL FR2.
· A set of transmission patterns can be (pre-)configured for initial beam sweeping, including orthogonal patterns and non-orthogonal patterns.

Similarly, the half-duplex issue also exists during data transmission. In contrast to Rel-16, multiple beam directions make the half-duplex issue more serious and it needs to be addressed. As shown in Figure 8, it is possible that UE1 has multiple unicast links with UE2 and UE3. In Rel-16 SL, UE1 can monitor UE2 and UE3 simultaneously without considering beam directions. In SL FR2, UE1 has to use different beams to transmit or receive data from corresponding UEs. An RX UE can listen to SCIs only from the beam pairs that it maintains, and only from one beam pair per time slot, and hence will not be able to receive multiple PSCCH/PSSCHs coming from different beam directions. Therefore, UE1 may not be able to know when and which beam, i.e., beam 1 or beam 2, to use for data reception when UE2 and UE3 may transmit data to UE1 within a time slot. This will lead to RX beam switch conflicts at UE1.
[image: ]
[bookmark: _Ref127293217]Figure 8 Multiple unicast link in SL FR2
[bookmark: _Ref127295377]Observation 9: In SL FR2, beam-based transmissions will lead to beam switch conflicts with multiple unicast pairs when different TX/RX beams are TDMed.
For multiple unicast pairs, it is possible to use the Rel-17 IUC mechanism to indicate the desired transmission opportunities during transmission and then the TX and RX UEs can have consensus on when and which beam to use. For example, during transmission, UE1 can indicate preferred resources to UE2 with paired beam indication, where UE1 and UE2 are expected to use the indicated resources for the following transmission/reception. The UEs should then maintain resources and associated beams for each unicast pair to avoid potential conflicts.
[bookmark: _Ref127295419]Proposal 4: Study how to address the beam switching issue under the scenario of multiple unicast pairs.
· Rel-17 IUC mechanism can be utilized to indicate desired transmission resources with an associated beam.
[bookmark: _Hlk126496874]
3 Beam Maintenance
3.1 [bookmark: _Ref134524566]SL CSI-RS Enhancement
In RAN1#112bis-e [3], the following agreement on using sidelink CSI-RS for beam maintenance 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


3.1.1 Aperiodic SL CSI-RS
Regarding the use of aperiodic SL CSI-RS for SL FR2 BM, it is already supported in Rel-16 and also in Uu. For Rel-16/17, it can be triggered by a CSI request and the CSI report can be indicated in the SL MAC CE before a configured latency bound. Therefore, aperiodic SL CSI-RS for beam maintenance can be supported without specification changes related to the procedure for triggering and transmission of aperiodic SL CSI-RS. 
However, for the CSI reports, as discussed in section 2.2.2, CSI reports with the existing latency bound is not feasible for beam reporting. Therefore, the beam reporting for aperiodic SL CSI-RS can be enhanced by using PSFCH to carry the beam report as discussed in the next section to reduce latency.
[bookmark: _Ref134726260]Observation 10: Existing SL CSI framework already supports aperiodic SL CSI-RS for beam refinement without specification changes on the procedure for triggering and transmission of SL CSI-RS.
· CSI reporting using the existing latency bound is not feasible for beam reporting.

3.1.2 SL CSI-RS Beam Sweeping
SL CSI-RS can be used for beam maintenance, which is in-line with the Uu design. In NR SL, SL CSI-RS only supports aperiodic transmissions and is always transmitted together with SL data. The downside of supporting only aperiodic SL CSI-RS transmissions is that the RX UE would not be aware of when to expect the beam management-related SL CSI-RS transmissions. On the other hand, through periodic CSI-RS transmissions, i.e., beam sweeping, the RX UE can expect receiving occasions for subsequent transmissions based on the periodicity instead of blind decoding for all opportunities. The indication of periodic transmission resources from the legacy design can be reused, i.e., the transmission period can be indicated by the resource reservation information carried in the 1st stage SCI. Therefore, it is beneficial for SL CSI-RS to be transmitted in a periodic manner. As shown in Figure 9, periodic SL CSI-RS transmission resources can be indicated through the Resource reservation period, where the period is indicated by .
[image: ]
[bookmark: _Ref134173200]Figure 9 Periodic SL CSI-RS transmission in SL FR2
In order to resolve the issue that the SL CSI-RS is always transmitted with data, in order to enable stable and effective periodic transmissions, standalone SL CSI-RS transmissions need to be supported. This can be enabled by using MAC CE only transmissions for SL CSI-RS. It has to be noted that this standalone SL CSI-RS transmission does not have an impact on the existing slot structure, including the SCI and PSFCH, i.e., the SCI is transmitted together with the MAC CE and periodic SL CSI-RS, as well as PSFCH if the corresponding resources are configured.
With regards to the use of multiple SL CSI RS transmissions within a slot, if SL CSI-RS is transmitted with different TX spatial settings within a slot, it will lead to AGC issues. This is because the receiving power of the RX UE may change significantly among symbols within a slot with directional beams and AGC training becomes ineffective at the beginning of the slot. While it is possible to define a new slot structure and use more AGC symbols, introducing these additional AGC symbols results in a high resource overhead because these resources need to be configured within the resource pool. Therefore, TX beam sweeping within a slot is not supported. One possible way to enable effective beam maintenance is RX beam sweeping within a slot. By applying RX beam sweeping, the AGC issue can be avoided and multiple beams can be trained within a slot. In addition, in Uu beam maintenance, CSI-RS can be transmitted with repetition on transmit beams for UE RX beam training. Repetition beam transmission can also be supported to indicate that the same TX beam is used for RX beam training.
Based on the initial beam pairing procedure, SL CSI-RS parameters for beam refinement can be configured through PC5-RRC, which may include the number of antenna ports, SL CSI-RS density, number of SL CSI-RS resource ports, etc. 
[bookmark: _Ref126674403][bookmark: _Ref126598703][bookmark: _Ref134203293]Observation 11: Multiple SL CSI-RS transmissions with different TX spatial settings within a slot will lead to AGC issues.
[bookmark: _Ref130927504]Proposal 5: For SL FR2 beam maintenance, the following enhancements are considered for the use of SL CSI-RS for beam sweeping:
· Support for periodic SL CSI-RS transmissions.
· Transmission period is indicated in the 1st stage SCI.
· Support for standalone SL CSI-RS transmissions using MAC CE only transmissions. 
· Support for RX beam sweeping within a slot while TX beam sweeping within a slot is not supported.
· Support for CSI-RS repetition transmission with the same TX beam for RX beam training.

3.1.3 SL CSI-RS Beam Measurement Reporting
In RAN1#112bis-e [3], the following agreements on sidelink beam measurement and reporting schemes for sidelink beam maintenance were made:
	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)
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


After measuring the RSRP of the received SL CSI-RS, the UE has to generate a beam report. However, in legacy NR SL, the SL CSI report is only conveyed in the SL MAC CE, in contrast to Uu where it is in a UCI, and this will lead to increased latency for SL BM. This latency results in inefficient beam management, and is more pronounced when the mobility of the UEs are factored in. Therefore, PHY layer signaling can be considered for beam measurement reporting in order to reduce latency. PSFCH can be a possible solution, where beam reporting is indicated through PSFCH resources. The TX UE can then identify the optimal beam for transmission. 
It has to be noted that the optimal beam cannot be simply determined by reporting a single beam indication through one PSFCH occasion due to the fact that the corresponding PSFCH resources are mapped after each PSSCH transmission, and not after all the SL CSI-RS transmissions across different beams for performing beam sweeping are completed by the TX UE. The RX UE cannot determine which is the best beam and when to indicate the determined beam. For example, as shown in Figure 10, when RX UE receives beam 2 from the TX UE in slot 3, it cannot determine whether beam 2 is the best beam since it is possible that beam 4 will be the optimal beam for the TX and RX UE pair, for which the corresponding SL CSI RS is transmitted only in slot 7. Then, in slot 5, the RX UE is unclear on whether it has to report back to the TX UE about beam 2 through the corresponding PSFCH, following the legacy mapping rule. If the RX UE transmits the beam report for beam 2 as the optimal beam in slot 5, the TX UE may receive multiple beam reports, e.g., beam report for beam 4 in slot 9 again from the RX UE, and would not be able to determine which beam to consider as the optimal beam. It is also possible that the RX UE could miss out on selecting the optimal beam, when the RX UE chooses not to send a beam report in slot 5 corresponding to beam 2 in order to wait and receive further SL CSI RS transmissions. 
 [image: ]
[bookmark: _Ref134179817]Figure 10 SL CSI-RS beam report with legacy PSSCH-PSFCH mapping
Hence for SL CSI-RS beam reporting through PSFCH, L1-RSRP should be indicated for TX UEs to identify the optimal beam. For each beam reporting occasion, the RX UE should transmit beam indication with L1-RSRP through frequency-code domain resources following the legacy PSSCH resource and PSFCH slot mapping. After beam sweeping, the optimal TX beam and RX beam can be determined for both UEs by identifying the highest L1-RSRP.
[bookmark: _Ref130927465][bookmark: _Ref126598749][bookmark: _Ref127295422][bookmark: _Ref126674343][bookmark: _Ref134726306][bookmark: _Ref130927507]Observation 12: The existing SL CSI reporting framework is not suitable for SL beam measurement reports because the SL CSI report is conveyed only in MAC CE, which leads to increased latency.
Proposal 6: For SL FR2 beam maintenance, study enhancements on enabling beam reporting for SL CSI-RS, including the following aspects:
· Support the use of PHY layer signaling, i.e., PSFCH, in order to carry beam reporting.
· Support indication of L1-RSRP in beam reporting.
· L1-RSRP is indicated through frequency-code domain resources following the legacy PSSCH resource and PSFCH slot mapping rules. 

3.2 Beam Indication and Beam Switching
In RAN1#112 [2], the following agreements on sidelink beam indication and switching schemes for sidelink beam maintenance were made:
	Agreement
RAN1 is to study sidelink beam indication and switching schemes (e.g., framework, general procedure, contents, signaling, timing, etc.) for sidelink beam maintenance.
Agreement
For sidelink beam management, RAN1 is to study
· how transmit beam(s) training and/or receive beam(s) training is performed
· whether and how spatial related information (e.g., TCI, QCL, beam ID, etc) information could be identified
· the relationship between PC5 unicast link establishment and sidelink initial beam pairing (e.g., whether initial beam pairing procedure starts before, during or after sidelink unicast link establishment procedure.)


In NR Uu, two antenna ports are QCLed (quasi co-located) if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. For FR2 BM, QCL Type-D is defined as the spatial RX parameter to indicate beams. Beam indication of PDSCH and PDCCH is achieved by indicating a TCI (Transmission Configuration Indicator) state, which contains RS IDs and the associated QCL type. UEs can be indicated to switch their RX beam according to the beam indication from the gNB. For PDSCH, multiple TCI states can be configured by RRC, from which at most 8 TCI states can be selected by the MAC CE and the TCI state of PDSCH is finally decided via DCI. For PDCCH, a set of TCI states can be configured by RRC per CORESET, and MAC CE can be used to select one TCI state for PDCCH.
However, there is no TCI framework defined in SL for beam indication. To achieve beam indication in SL FR2, e.g., beam switching by TX UE indication, a beam indication mechanism is needed. In this case, the Uu TCI framework can be considered as a baseline by simply indicating the S-SSB index and SL CSI-RS resource ID for the beam indication. Considering the Uu TCI design, a simplified QCL/TCI framework can be introduced, where SL TCI states can be configured by PC5-RRC or MAC CE and then indicated by SCI.
[bookmark: _Ref130927469][bookmark: _Ref127295424]Observation 13: Compared to the Uu TCI framework, there is no beam indication method defined for SL FR2.
[bookmark: _Ref130927509]Proposal 7: Study how to support beam indication in SL FR2 using the Uu TCI and QCL framework.
· QCL Type-D of Uu is used as baseline, which indicates the spatial RX parameter.
· SL TCI states is configured by higher layers and then indicated by the SCI.

In RAN1#112bis-e [3], the following agreement on determining the PSFCH transmit/receive beam was made:
	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.


In Uu, beam correspondence is the ability of the UE to select a suitable beam for UL transmission based on DL measurements without relying on UL beam sweeping, i.e., the TX beam can be selected based on RX beam determination. For SL FR2, if beam correspondence is supported, the transmit beam is derived from the corresponding receive beam, i.e., Option 1. If beam correspondence is not supported, transmit beam can only be determined through transmit beam training. The PSFCH transmit beam can be derived from the corresponding PSCCH/PSSCH transmission to the same target UE, i.e., Option 2, where the PSCCH/PSSCH transmit beam is determined through TX beam training. Therefore, both options should be supported for SL FR2 and beam determination is based on whether beam correspondence is supported.
When a unicast link is established between a TX and RX UE, they can exchange UE capability information, including whether beam correspondence is supported or not. If beam correspondence is not supported by either one of the UEs, beam training should be performed by reusing the previously discussed beam training procedures.
[bookmark: _Ref134203360]Proposal 8: For determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot, 
· Both options are supported.
· PSFCH beam determination is based on whether beam correspondence is supported.
· How beam management is performed when beam correspondence is not supported can be further studied.
In Uu, symbol-level beam switching is supported as shown in Table 2, where maxNumberRxTxBeamSwitchDL denotes the number of Tx and Rx beam changes UE can perform within a slot.
[bookmark: _Ref127268670]Table 2: Summary of beam switch timing of Uu
	SCS (kHz)
	maxNumberRxTxBeamSwitchDL
(switching times in one slot)

	60
	4, 7, 14

	120
	4, 7, 14

	240
	4, 7, 14

	480
	2, 4, 7

	960
	1, 2, 4, 7


[bookmark: _Ref127295390]Observation 14: In Uu, symbol-level beam switching is supported for UE to perform Tx and Rx beam change.

There is no definition or concept of beam switching in SL. For SL FR2, symbol-level beam switching is required since different beams may be used for a PSCCH/PSSCH transmission and a PSFCH transmission to different UEs within a slot. For SL CSI-RS based beam sweeping, multiple beams may be required within a slot according to the CSI-RS pattern. Therefore, symbol-level and slot-level beam switching are supported, and the number of switching times used in Uu can be used as baseline for each of the SCSs.
[bookmark: _Ref127295426]Proposal 9: In SL FR2, the beam switching times within a slot from Uu is taken as baseline.

In Uu, the minimum number of OFDM symbols required by the UE to perform PDCCH reception and apply spatial QCL information received in the DCI for PDSCH processing is defined. Beam indication of the DCI is applicable when the time-offset is satisfied, otherwise, the TCI of PDSCH is determined by the TCI of the CORESET associated with a monitored search space with the lowest CORESET ID among CORESETs in the latest slot.
[bookmark: _Ref127295392]For SL FR2, there is no beam switch timing requirement defined for beam indication. Following Uu, a similar design can be considered, where the SCI schedules PSCCH/PSSCH transmissions if a time-offset is satisfied. The time-offset should be defined by considering the minimum number of symbols or slots required by the UE to perform PSCCH reception and applying spatial QCL information.
[bookmark: _Ref127295395]Observation 15: Compared to Uu, where beam switch timing is defined and configured for beam indication, there is no beam switch timing defined for SL FR2.
[bookmark: _Ref131709332][bookmark: _Ref127295429]Proposal 10: Study how to support beam switching in SL FR2, including switching timing and beam indication, with the following enhancements:
· SCI schedules PSCCH/PSSCH transmission if a time-offset is to be satisfied.
· The time-offset is defined based on the minimum number of symbols or slots required by the UE to perform PSCCH reception and spatial QCL information.

As discussed previously, beam switching for PSFCH transmission is required and the corresponding beam indication timing requirement should be considered. In Rel-16, the parameter sl-MinTimeGapPSFCH is defined for PSFCH preparation, which is enumerated from the value set {2, 3} in terms of number of slots for any SCS configuration. However, in SL FR2, where higher SCS are supported, there would not be enough PSFCH preparation time, since the time required by the UE, in terms of number of slots, for decoding the control information (both 1st stage SCI and 2nd stage SCI) in SL is increased as the SCS increases. Hence, defining the time gap in terms of number of slots would adversely affect the time the UE has in order to process the PSCCH/PSSCH before transmitting the PSFCH, and should ideally be a function of the SCS.
[bookmark: _Ref127543476][bookmark: _Ref131709144]Observation 16: In SL FR2, the PSFCH preparation time, defined by sl-MinTimeGapPSFCH, is not enough with higher SCS, since the required slots for decoding SCIs in SL increases with the increasing of SCS.

4 Beam Failure Recovery
4.1 Beam Failure Detection
In RAN1#112bis-e [3], the following proposal on sidelink BFD (Beam Failure Detection) for sidelink BFR (Beam Failure Recovery) was discussed:
	Proposal 3-1-i: RAN1 can 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 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
· Other options are not precluded.
· FFS: whether to prioritize the study of one of the schemes.


In NR Uu, beam failure is detected by counting beam failure instance (BFI) indications from the lower layers to the MAC entity. If the configured BFD reference signals of each beam fail, i.e., when the hypothetical BLER, corresponding to the RSRP of signals, is above a (pre-)configured threshold, PHY indicates a flag to the higher layers if a beam failure instance is detected. Then, if the number of beam failure instances reported by the PHY layer is above a (pre-)configured threshold, BFR is triggered for this BFD reference signal set. 
For SL FR2, we support scheme 2 where the Uu BFD procedure can be reused as baseline. The BFD reference signals e.g., S-SSB and SL CSI-RS, can be configured through PC5-RRC or MAC CE, and the beam failure instance is detected by the PHY layer when the measured RSRP of these BFD reference signals is below a (pre-)configured threshold. When this occurs, the beam failure instance is reported to the higher layers. 
However, in Uu, the transmission of periodic reference signals by the gNB is stable and reliable. But in SL, periodic SL transmissions may be interrupted (e.g., pre-emption) due to resource sensing and selection procedures in mode 2. As a result, when the UE does not detect CSI-RS at the expected occasion, it does not know whether it is due to actual link failure or not. For example, CSI-RS may not transmit at an expected occasion in case of half-duplex, prioritization of other transmissions, or pre-emption by transmissions from other UEs. Therefore, the conditions for indicating beam failure instances should be enhanced. A detection window can be configured for each BFD CSI-RS occasion, where the TX UE have multiple chances to transmit the reference signal, and UE decides to increment the BFI counter or not according to the measurement result within the window.
[bookmark: _Ref131709334][bookmark: _Ref130927528]Scheme 1 discusses the use of HARQ feedback to trigger BFI, according to the Rel-16/17 sidelink RLF design. HARQ-based sidelink RLF is determined based on a number of consecutive DTX instances on PSFCH reception occasions for a PC5-RRC connection. However, since DTX is determined based on the number of retransmissions and hence the number of consecutive DTX maxNumConsecutiveDTX can be configured up to 32, it can lead to significant increase in latency towards detecting BFD. Moreover, determining DTX can be inaccurate since DTX may result from conditions other than beam failure, e.g., half-duplex and prioritization of other transmissions. It has to be noted that RLF and beam failure are different issues, and the application of RLF conditions for BFD may be too strict since beam failure, which can occur more frequently, may not mean link failure. If beam failure is detected by RLF mechanism, it may also miss the chance for BFR. In addition, periodic BFD reference signals such as S-SSB and SL CSI-RS are necessary for FR2 beam management. If BFI is triggered based on sidelink HARQ feedback for SL FR2 following the legacy RLF mechanism, PSCCH/PSSCH or HARQ feedback transmissions can be regarded BFD reference signals, which have to be periodic in nature. Given that PSCCH/PSSCH transmission can be aperiodic and may not transmit for a long time, BFD is not stable and reliable with aperiodic reference signals. 
[bookmark: _Ref134726282]Observation 17: For SL FR2 beam failure detection, when BFI is triggered based on sidelink HARQ feedback,
· It can lead to significant increase in latency because DTX is determined based on the number of retransmissions and hence the number of consecutive DTX can be up to 32.
· Determination of DTX is not accurate because DTX may result from conditions other than beam failure, e.g., half-duplex and prioritization of other transmission.
· Sidelink HARQ feedback-triggered BFI is unstable due to aperiodic PSCCH/PSSCH transmissions. 
[bookmark: _Ref134726319]Proposal 11: For SL FR2 beam failure detection, the Uu BFD procedure can be reused as baseline, where BFI is triggered based on the measurement of reference signals for BFD.
· S-SSB and SL CSI-RS are used as BFD reference signals.
· Periodic BFD reference signals are supported.
· A detection window is configured for each BFD SL CSI-RS occasion to provide multiple chances for BFD SL CSI-RS transmissions.

4.2 BFR Request and BFR Response
In RAN1#112bis-e [3], the following agreement on sidelink BFRR and BFRQ for sidelink BFR mechanism was made:
	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).


In NR Uu, after beam failure is detected, the UE is expected to measure candidate beams for BFR through L1-RSRP measurements and report this to the higher layers. Subsequently, BFR requests are carried through non-contention based PRACH resources. After the gNB receives a BFR request, a BFR response is transmitted through PDCCH and the UE monitors the corresponding PDCCH DMRS which is spatially QCLed with the reference signals of the candidate beam(s).
For SL FR2, the NR Uu BFR procedure can be regarded as baseline. For new candidate beam identification, similar to BFD reference signals, SL CSI-RS and S-SSB can be used. If the measured RSRP is above a (pre-)configured threshold, the measured beam can be used for BFR and reported to the higher layers. Then, for BFRQ and BFRR, similar mechanisms of beam reporting for S-SSB and SL CSI-RS can be reused. For example, as shown in Figure 11, BFRQ can be indicated through associated S-SSB-PSFCH resources to indicate the new beam for transmission. After receiving the BFRQ, peer UEs can transmit BFRR through SCI over Mode 2 sensing-based resources within the corresponding “window”, or a set of slots where the peer UE can expect a response. Similarly, PSFCH for beam reporting for SL CSI-RS can be used for BFRQ, if SL CSI-RS is used as a reference signals for candidate beam identification.
[image: ]
[bookmark: _Ref134197427]Figure 11 S-SSB, BFRQ and BFRR mapping for BFR mechanism
However, there can be more beam failures in sidelink due to the mobility of both TX and RX UEs and UEs may not be able to receive the BFR request. Therefore, how to enhance the BFRQ and BFRR procedures should be further studied, e.g., by simplifying BFR procedures to enable effective BFR in SL FR2.
[bookmark: _Ref126598752]Proposal 12: For SL FR2 BFRQ and BFRR, consider NR Uu procedures as baseline, with the following enhancements:
· S-SSB and SL CSI-RS are used for new candidate beam identification.
· The new candidate beam is identified and reported to higher layers when the measured RSRP is above a (pre-)configured threshold.
· Beam report mechanism can be used to enable BFRQ by reusing beam report resources, container and procedure.
· BFRR can be indicated through SCI over Mode 2 sensing-based resources within the corresponding window with BFRQ.
· Enhance BFR procedures including BFR request and BFR response procedures to enable effective BFR.

Regarding the scheme where SL BFI is triggered based on SL HARQ feedback, it is not feasible to perform BFRQ and BFRR without reference signals. Since the scheme does not follow Uu structure, it is not clear how BFR can be achieved and is out of scope of the WID.
[bookmark: _Ref134203324]Observation 18: For SL FR2, it is not feasible to perform BFRQ and BFRR for the scheme where SL BFI is triggered based on SL HARQ feedback.

5 Resource Allocation
[bookmark: _Hlk130765932]Mode 1 and mode 2 resource allocation schemes are essential features to avoid collisions, maintain QoS and in general, cater to the advanced use cases in NR SL. In SL FR2, existing procedures may not work with the introduction of beams. For example, sensing-based resource selection can be different from Rel-16 since both TX and RX UEs use directional beams, which may lead to directional sensing results and resource sets. Therefore, enhancements to both mode 1 and mode 2 schemes should be studied in SL FR2. However, resource allocation can be studied after the initial beam pairing and maintenance issues have made some progress, when RAN1 has a general understanding on how they can be performed for SL over FR2.
[bookmark: _Ref130927534]Proposal 13: Support to study enhancements for resource allocation mode 1 and mode 2.
· Resource allocation enhancements are studied after the initial beam pairing and beam maintenance issues have made some progress.

6 Conclusions 
In this contribution, beam management procedures including initial beam-pairing, beam maintenance, and BFD/BFR are discussed for SL FR2. Further issues on feasibility and conditions need to be studied including beam indication, beam switching, HD issue and handling of multiple unicast pairs. We have following observations and proposals:
Observation 1: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link,
· By using the directional beam pair link, the TX UE is able to establish unicast links with RX UEs that are farther away, as compared to when omni-directional beams are used.
· The TX UE can avoid multiple TX beam sweeping for transmitting the DCR for unicast link establishment.
Observation 2: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link,
· UE1 does not need to identify different UE2s and there is no collision when multiple UEs transmit beam reports on the same resource.
· UEs does not need to identify peer UEs during initial beam pairing, and unicast link establishment messages can be transmitted and peer UEs can be confirmed through the paired beams.
Observation 3: It is not feasible for UE1 to perform initial beam pairing procedure during the establishment of a unicast link using unicast link establishment messages like DCR only without reference signals
· UE2 would have to attempt to decode multiple PSCCH/PSSCHs with higher layer DCR messages from different beams and directions in order to perform the initial beam sweeping procedure and the link establishment procedure. 
· It would be unclear for UE1 as to when and with which beam to receive the report without mapping between the resources used to transmit the DCR and its respective DCA.
· UE2 would have to respond using a DCA message, which would cause additional overhead and increased latency.
Observation 4: For the case where UE1 performs the initial beam pairing procedure during establishing a unicast link, reference signals, e.g., SL CSI-RS, can be considered in combination with DCR/DCA messages for beam pairing instead of using PSCCH/PSSCH messages, e.g. DCR, only. 
Observation 5: It is not feasible to perform initial beam pairing after sidelink unicast link establishment.
· The communication range for the transmission of DCR is less than halved when beam training is performed only by the TX UE and not by the RX UE, resulting in significant communication range restrictions and performance losses.
· Initial beam pairing is essential for unicast link establishment since UEs need prior information to determine transmit and receive resources.
· FR1-assisted FR2 is not supported.
Observation 6: The following issues have been identified and needs to be addressed in order to use S-SSB for initial beam pairing:
· UE2 should be able to distinguish between multiple beams from a single UE1 and multiple UE1s, otherwise, UE2 cannot determine which one is the optimal beam for which UE1 or the exact number of optimal beams that needs to be reported to multiple UE1s.
· Existing SL-SSID is not UE-specific, as it only carries information for identifying the synchronization source type, synchronization source coverage status and type of connection to the synchronization source.
· When a SL UE is synchronized to a SyncRefUE with high RSRP measurement results or a cell with high RSRP measurement results, the UE does not always need to transmit S-SSB.
· Transmission slots used for S-SSB are designed for synchronization, which may not be suitable for beam sweeping.
· UE2s should indicate UE1’s ID-related information in the beam report, otherwise, UE1s may receive misleading reports from nearby UEs.
Observation 7:  For SL FR2 initial beam sweeping using SL CSI-RS, the following issues need to be addressed:
· Resources to be used for transmit and receive beams are not known to the UEs without PC5-RRC configuration.
· Transmission resources to be used for SL CSI-RS
· Periodicity of SL CSI-RS transmission
· When using resources within the resource pool, SCI indication is needed for SL CSI-RS transmissions.
· Mapping between the transmit beam and its associated beam report is not clear for CSI reporting through MAC CE.
· SL CSI-RS can only be applied for initial beam pairing during unicast link establishment
· SL CSI-RS transmission may suffer from resource conflicts by other UEs data transmission due to resource sensing and selection procedures.
· SL CSI-RS transmission with repetition on transmit beams is not needed.
Observation 8: In SL FR2, half duplex issues exist during initial beam alignment and beam maintenance due to multiple beam directions and a lack of centralized scheduling.
Observation 9: In SL FR2, beam-based transmissions will lead to beam switch conflicts with multiple unicast pairs when different TX/RX beams are TDMed.
Observation 10: Existing SL CSI framework already supports aperiodic SL CSI-RS for beam refinement without specification changes on the procedure for triggering and transmission of SL CSI-RS.
· CSI reporting using the existing latency bound is not feasible for beam reporting.
Observation 11: Multiple SL CSI-RS transmissions with different TX spatial settings within a slot will lead to AGC issues.
Observation 12: The existing SL CSI reporting framework is not suitable for SL beam measurement reports because the SL CSI report is conveyed only in MAC CE, which leads to increased latency.
Observation 13: Compared to the Uu TCI framework, there is no beam indication method defined for SL FR2.
Observation 14: In Uu, symbol-level beam switching is supported for UE to perform Tx and Rx beam change.
Observation 15: Compared to Uu, where beam switch timing is defined and configured for beam indication, there is no beam switch timing defined for SL FR2.
Observation 16: In SL FR2, the PSFCH preparation time, defined by sl-MinTimeGapPSFCH, is not enough with higher SCS, since the required slots for decoding SCIs in SL increases with the increasing of SCS.
Observation 17: For SL FR2 beam failure detection, when BFI is triggered based on sidelink HARQ feedback,
· It can lead to significant increase in latency because DTX is determined based on the number of retransmissions and hence the number of consecutive DTX can be up to 32.
· Determination of DTX is not accurate because DTX may result from conditions other than beam failure, e.g., half-duplex and prioritization of other transmission.
· Sidelink HARQ feedback-triggered BFI is unstable due to aperiodic PSCCH/PSSCH transmissions. 
Observation 18: For SL FR2, it is not feasible to perform BFRQ and BFRR for the scheme where SL BFI is triggered based on SL HARQ feedback.

The following are our proposals:
Proposal 1: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link,
· UE1 periodically sends S-SSBs on (pre-)configured occasions via different transmit beams outside the resource pool(s).
· UE2 measures the S-SSBs and determines a UE1 transmit beam and a UE2 receive beam based on RSRP measurement results.
· UE2 performs PSBCH-RSRP measurement as per legacy NR SL
· The beam with the highest measured RSRP is determined as the receive beam of UE2 and the corresponding TX beam is determined as the transmit beam of UE1.
· UE2 indicates to UE1 the determined UE1 transmit beam through associated report resources that are determined using a (pre-)defined mapping rule with S-SSB transmission resources.
· UE1’s ID related information is carried in the beam report.
Proposal 2: For SL FR2 initial beam pairing, the following enhancements are considered for S-SSB:
· UE1’s S-SSB transmission carries UE1’s ID-related information.
· Study the use of S-PSS and S-SSS resources, i.e., enhanced SL-SSID, to indicate UE-specific information (e.g., source and/or destination IDs) and synchronization information.
· Mapping between S-SSB transmission resources and beam related information is up to UE implementation.
· S-SSB is transmitted when a UE is performing initial beam sweeping without considering synchronization conditions.
· S-SSB transmission slots are determined according to number of beams, beam sweeping period, beam sweeping patterns and beam measurement reporting resources.
· Study the enhancement of (pre-)configured periodic S-SSBs transmitted using resources outside the resource pool(s).
· Indication of UE1’s UE ID in beam reporting is supported for UE2 to indicate the target UE1.
· Study the use of the existing PSFCH sequence to indicate UE-specific information.
Proposal 3: Study how to address the half duplex issue due to TX/RX transmission conflict and multiple beams in SL FR2.
· A set of transmission patterns can be (pre-)configured for initial beam sweeping, including orthogonal patterns and non-orthogonal patterns.
Proposal 4: Study how to address the beam switching issue under the scenario of multiple unicast pairs.
· Rel-17 IUC mechanism can be utilized to indicate desired transmission resources with an associated beam.
Proposal 5: For SL FR2 beam maintenance, the following enhancements are considered for the use of SL CSI-RS for beam sweeping:
· Support for periodic SL CSI-RS transmissions.
· Transmission period is indicated in the 1st stage SCI.
· Support for standalone SL CSI-RS transmissions using MAC CE only transmissions. 
· Support for RX beam sweeping within a slot while TX beam sweeping within a slot is not supported.
· Support for CSI-RS repetition transmission with the same TX beam for RX beam training.
Proposal 6: For SL FR2 beam maintenance, study enhancements on enabling beam reporting for SL CSI-RS, including the following aspects:
· Support the use of PHY layer signaling, i.e., PSFCH, in order to carry beam reporting.
· Support indication of L1-RSRP in beam reporting.
· L1-RSRP is indicated through frequency-code domain resources following the legacy PSSCH resource and PSFCH slot mapping rules. 
Proposal 7: Study how to support beam indication in SL FR2 using the Uu TCI and QCL framework.
· QCL Type-D of Uu is used as baseline, which indicates the spatial RX parameter.
· SL TCI states is configured by higher layers and then indicated by the SCI.
Proposal 8: For determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot,
· Both options are supported.
· PSFCH beam determination is based on whether beam correspondence is supported.
· How beam management is performed when beam correspondence is not supported can be further studied.
Proposal 9: In SL FR2, the beam switching times within a slot from Uu is taken as baseline.
Proposal 10: Study how to support beam switching in SL FR2, including switching timing and beam indication, with the following enhancements:
· SCI schedules PSCCH/PSSCH transmission if a time-offset is to be satisfied.
· The time-offset is defined based on the minimum number of symbols or slots required by the UE to perform PSCCH reception and spatial QCL information.
Proposal 11: For SL FR2 beam failure detection, the Uu BFD procedure can be reused as baseline, where BFI is triggered based on the measurement of reference signals for BFD.
· S-SSB and SL CSI-RS are used as BFD reference signals.
· Periodic BFD reference signals are supported.
· A detection window is configured for each BFD SL CSI-RS occasion to provide multiple chances for BFD SL CSI-RS transmissions.
Proposal 12: For SL FR2 BFRQ and BFRR, consider NR Uu procedures as baseline, with the following enhancements:
· S-SSB and SL CSI-RS are used for new candidate beam identification.
· The new candidate beam is identified and reported to higher layers when the measured RSRP is above a (pre-)configured threshold.
· Beam report mechanism can be used to enable BFRQ by reusing beam report resources, container and procedure.
· BFRR can be indicated through SCI over Mode 2 sensing-based resources within the corresponding window with BFRQ.
· Enhance BFR procedures including BFR request and BFR response procedures to enable effective BFR.
Proposal 13: Support to study enhancements for resource allocation mode 1 and mode 2.
· Resource allocation enhancements are studied after the initial beam pairing and beam maintenance issues have made some progress.
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Appendix 
[bookmark: _Ref110350962][bookmark: _Ref110350959]Table 3: Summary of assumptions for communication range with pedestrian UE and cellular UE
	Carrier Frequency
	30GHz

	UE Tx Power
	23 dBm

	Noise Figure
	13 dB

	Noise Floor
	-93 dB

	Antenna Configuration
(Table 6.1.4-6: Antenna element pattern for pedestrian UE and cellular UE in TR37.885)
	5 dBi for directional beam

	Pathloss model
	 (LOS)

	SNR (link-level)
	SNR = Tx_power + TX_antenna_gain + RX_antenna_gain – Pathloss – Noise_floor – Noise_figure
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