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1.  Introduction
New radio (NR) sidelink (SL) communication is used to share information between device to device without or with only minimal involvement of the gNB. SL is evolved in NR Rel-15 and stabilized in Rel-17 for FR1 operation. But FR2 support for SL is limited. Rel-18 is planning to introduce FR2 enhancements/optimization mainly focusing on beam management aspects. In RAN#97, it is agreed to evaluate the enhancements for FR2 till RAN#98. The detailed objective of the study is as follows [1],
· Study and specify enhanced SL operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (Determine in RAN#98-e whether to continue the study or study + specification work for FR2 until the end of R18)
· Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· Work is limited to the support of SL beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing SL-CSI framework and reusing Uu beam management concepts wherever possible.
· Beam management in FR2 licensed spectrum considers SL unicast communication only.
Based on this objectives, initial study has started in RAN 1#110bis-e. In the last meeting (RAN 1#112bis-e) following further agreements are drawn on SL beam management,

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: 
1. UE1 sends reference signals via different transmit beams 
1. Note: multiple reference signals transmissions (e.g. repetitions) from each of the beams can be studied 
2. FFS when reference signals are sent 
3. FFS applicable reference signal 
2. UE2 measures the reference signals and determines a UE1 transmit beam and/or a UE2 receive beam  
1. FFS: whether/how to determine a UE2 transmit beam  
3. UE2 indicates to UE1 the determined UE1 transmit beam  
1. FFS how to indicate the determined transmit beam, including its feasibility 
4. UE1 and UE2 set up sidelink unicast link using the determined beam, following existing link establishment procedure.  
 
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) 
 
Conclusion 
RAN1 to prioritize the case where a UE is incapable of simultaneous transmitting or receiving PSCCH/PSSCH/PSFCH using different beams in Rel-18. 
 
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 
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 
 
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 
 
Agreement 
To study the feasibility of adapting S-SSB for initial beam pairing between UE1 and UE2, at least the following can be considered. 
· Whether/how to enable UE2 to identify UE1 (e.g., source ID) from UE1’s S-SSB transmission, to enable UE1 to identify the corresponding beam measurement/reporting from UE2   
· Mapping between S-SSB transmission/resource and beam related information 
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams 
· Structure and contents of S-SSB 
· Triggering and/or activation of S-SSB transmission, if needed 
· Mechanism for S-SSB monitoring and reporting/responding 
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different UEs, including S-SSB transmission resources 
· Potential impact to/from other UEs, and whether/how to avoid or mitigate this impact 
·  
Agreement 
To study the feasibility of reusing SL CSI-RS for initial beam pairing, at least the following enhancements can be considered.  
· SL CSI-RS transmission with or without sidelink data transmission in the same slot 
· FFS: slot structure 
· Mapping between SL CSI-RS transmission/resource and beam related information 
· Periodic SL CSI-RS transmission, semi-persistent SL CSI-RS transmission, or aperiodic SL CSI-RS transmission, with or without SCI indication  
· Allocation of SL CSI-RS beam sweeping resources and if applicable, their associated beam reporting resources 
· Study the possibility to apply SL CSI-RS for initial beam pairing before, during or after unicast link establishment 
· FFS: How to provide SL CSI-RS resource configuration 
· Whether or how to mitigate/avoid the interference between overlapped SL CSI-RS transmissions from different UEs 
· SL CSI-RS transmission with or without repetition on transmit beams 
·  
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). 
  
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. 


This contribution provides further discussion on beam management related aspects over sidelink over open issues.

1 Beam management for Sidelink

3GPP NR standard has defined beam management procedures, including beam measurement, beam sweeping, beam reporting, and beam determination, for both Time Division Duplexing (TDD) and Frequency Division Duplexing (FDD) systems, in sub 6 and mmWave bands. 3GPP NR has introduced Channel State Information Reference Signals (CSI-RSs) and Synchronization Signal Blocks (SS-blocks) for beam management in the Downlink (DL) and Sounding Reference Signals (SRSs) for beam management in the Uplink (UL). The illustration of a transmission of the beams between two UEs as follows in the Figure 1.
Till Rel 17, sidelink beam management is optimised for FR1 operation. But in 5G advance use cases more stringent requirements on data rate and reliability are expected from sidelink technology. Therefore, mmWave optimization is important aspect to realise such future use cases.  One of the important aspects to be optimised is beam management capability over sidelink. We can expect more performance improvement with respect to throughput and reliability with the beam management in the sidelink communication system which needs to confirm under different beam management mechanisms in this study. Therefore, it is expected to explicitly study the beam management aspects of sidelink and determine the gaps in specification.
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Figure 1: Beams representation between two UEs


1. Beam Pairing:

In NR Uu link, the general downlink beam management procedure is that gNB sends downlink reference signals (e.g., SSB, CSI-RS). The transmission of SSB is periodic, while the transmission of CSI-RS could be in periodic, semi-persistence or aperiodic manners.

In initial access, a UE first measures the RSRP of SSB and selects a SSB which applies a particular downlink transmit beam. Then, the UE makes a PRACH transmission on a RACH occasion which is associated with the selected SSB beam. With the PRACH is received by gNB, gNB knows the proper downlink transmit beam to serve this UE.

In 5G NR, as per 3GPP standards set of processes that are defined P-1, P-2 and P-3 for beam management.

P-1 Procedure: P-1 is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s). For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams. For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams.
P-2 Procedure: P-2 is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s). From a possibly smaller set of beams for beam refinement than in P-1. Note that P-2 can be a special case of P-1
P-3 procedure: P-3 is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming.

Following the principle of Uu link beam management, a transmitter UE can send sidelink reference signals for beam management and a receiver UE perform the sidelink beam measurement based on the sidelink reference signals for beam management. Similar to P-1 procedure in Uu link, S-SSB based P-1 procedure can be adopted for initial beam selection in sidelink.
S-SSB will be transmitted by a UE acting as synchronization reference UE (SyncRefUE). This is done primarily for slot level synchronization between V2X devices when there is no base station (BS) (e.g., gNB, eNB or NB) and/or global navigation satellite. The time-frequency structure of S-SSB is shown in Figure 2. In time-domain S-SSB is transmitted in  orthogonal frequency division multiplexing (OFDM) symbols, numbered from 0 to , where SL primary synchronisation signal (S-PSS) occupies 1st and 2nd symbol, SL secondary synchronisation signal S-SSS occupies 3rd and 4th symbol and physical SL broadcast channel (PSBCH) with associated demodulation reference signal (DM-RS) are mapped on to 0th and the 5th or 7th symbols after the S-SSS depending upon normal or extended cyclic prefix. Last symbol is used as guard period. Value of  is 13 for a normal cyclic prefix and 11 for an extended cyclic prefix. In the frequency domain, S-SSB occupies 132 contiguous subcarriers numbered from 0 to 131. S-SSBs can be transmitted from different panels or beams and P1 procedure can be carried out. For reporting suitable beam for Rx UE feedback channel can be used similar like HARQ feedback over PSFCH.
[image: C:\Users\shafi\Downloads\SSB_Structure.jpg]
Figure 2: SL synchronization signal block structure for normal cyclic prefix


In RAN1 #112bis-e, an agreement was made on initial beam pairing performed before unicast link establishment. For FFS in the agreement, we have the following proposal for initial beam pairing before unicast link establishment.

Proposal 1: The UE1 can send S-SSB as reference signal for initial beam pairing before the sidelink unicast link establishment to UE2, if UE1 is a SyncRefUE.

Two procedures are defined in NR SL for a UE to be SyncRefUE. In one procedure network configures a UE to become SyncRefUE by NetworkControlledSyncTx field provided in the SL-phy-mac-rlc-config-r16 information element sent over RRC protocol from the associated BS as described in TS 38.331. In another procedure, UE on its own decide to become SyncRefUE based on the reference signal received power (RSRP) measurement over PSBCH DM-RS of the received S-SSB from a synchronization reference. If RSRP is below a configured threshold, then UE can decide to become SyncRefUE.
Network configured UE sends S-SSB when configured irrespective of whether it has data in the buffer to be transmitted or not. When a UE is not network configured to act as SyncRefUE, then it is up to the UE to send S-SSB whenever it has data to be transmitted. These S-SSBs can be associated with different Tx beams from Tx UEs.




a Beam Maintenance:

In NR Uu link beam management, after initial beam pairing, a UE has to perform beam maintenance. The purpose of beam maintenance is to refine the initial acquired beam as per the channel selectivity in terms of time and frequency. Another purpose of beam maintenance is beam switching. If the current serving beam pair becomes worse, then gNB and UE could switch the serving beam pair.
Similar procedures can be adopted for sidelink as well. For beam management purpose P-2 procedure can be evoked using SL-CSI-RS or PSCCH/PSSCH DMRS. P2 procedure refines a SSB beam to a narrower beam-via SL-CSI RS or PSCCH/PSSCH DMRS. The SL-CSI-RS can be configured to by transmitted by Tx UE periodically/aperiodically to acquire suitable beam for beam maintenance.  Further, P3 procedure should be defined to refine UEs receiver beam for given transmitting beam selected using P-2 procedure.

Currently, CSI-RS is being used in NR SL for link adaptation for unicast links based on the reported channel quality indicator (CQI) from receive (Rx) UE to transmit (Tx) UE. CQI is determined based on the channel measurement using CSI-RS transmitted in the physical SL shared channel (PSSCH) region from Tx UE. To better spectral efficiency, rank adaption for unicast is supported by measuring the rank using CSI-RS and is indicated using rank indicator (RI). CQI and RI combined represent the channel state information (CSI) that can be reported by Rx-UE to Tx-UE for link and rank adaption. In NR SL CSI is reported using SL CSI reporting medium access control- control element (MAC-CE) container as shown in Figure 3, RI indicates a value of the rank indicator for SL CSI reporting. The length of the field is 1 bit as up to two layers are supported for SL unicast link. CQI indicates channel quality for SL CSI reporting, the length of the field is 4 bits. R is for reserved bits, set to 0. The existing framework of CSI-RS or with some changes can be used for beam management.
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Figure 3: SL CSI reporting MAC-CE for channel quality and rank indication

DMRS is used by receiver to produce channel estimates for demodulation of associated physical channel. DMRS design and mapping is specific to each sidelink channels viz PSBCH, PSCCH, PSSCH. The DMRS associated channel (PSBCH/PSCCH/PSSCH) is used to estimate channel coefficients and RSRP. The existing framework of DMRS or with some changes can be used for beam management for sidelink.

Either CSI-RS and/or DMRS can be used for beam refinement at Tx UE and Rx UE can be used as P2 and P3 procedure in NR. New MAC-CE reporting structure should be introduced for reporting P2 beam measurements. For P3 procedure reporting can be disabled.

Proposal 2: UE2 can determine the transmit beam by beam sweeping of SL-CSI-RS reference signals at UE2 after beam pairing.
· FFS on Indication of receiver beam to UE1 based on initial pairing.

In RAN1 #112bis-e, an agreement was made on SL beam reporting. For FFS in the agreement, we have the following proposals for beam reporting.

Proposal 3: In the SL beam reporting, the L1-SINR should be reported corresponding to the reported beam(s).


In RAN1 #112bis-e, an agreement was made on initial beam pairing performed during unicast link establishment. For FFS in the agreement, we have the following proposals for initial beam pairing during unicast link establishment.

Proposal 4: For beam pairing during initial sidelink unicast link establishment, the PSCCH/PSSCH DMRS can be used.

In NR, beam indication is based on the configuration and downlink signalling of so-called transmission configuration indication (TCI) states. The TCI indicates the information about the reference signals. In SL beam management TCI based approach can be adopted. In such case, the PSCCH associated with certain TCI could mean that it informs the UE that it can be assumed that the downlink transmission is done using the same beam as the reference signal associated with that TCI. A UE can be configured with multiple TCI states based on its capability.

Proposal 5: The UE1 should configure a TCI state to UE2 with QCL assumptions to determine the UE1 transmit beam related parameters.

Beam correspondence is a terminology that is used for the Beams selected for downlink transmission and reception can also be used for uplink transmission and reception. i.e DL and UL transmissions will happen on the same Tx-Rx beam pair. It is one of the fundamental elements of the Beam Management Concept. Uu link defines Beam correspondence as to the ability of the UE to select a suitable beam for UL transmission based on DL measurements with or without relying on UL beam sweeping. We can adopt the beam correspondence in sidelink for the UL and DL transmissions on a same Tx-Rx beam pair.

Proposal 6: The UE2 can determine the transmit beam based on the beam correspondence.


The transmitting UE will transmit beam reference signal (CSI-RS or PSSCH/PSCCH DMRS) as per the configured configurations and expect a feedback of beam indication parameters from the receiving UE to select the best beam(s). The beam indication can be performed over a MAC-CE signalling or using a feedback channel (PSFCH).
The beam indication should include at least one of the Beam-id, beam-strength, and beam-validity. Beam-id denotes the identity of the best beams determined by the receiving UE. This indicates one or more than one best beam based on pre-configured threshold. If multiple beams are to be reported, the length of the field will be N bits for N number of beams. The bit position in the field corresponding to the best beams will be set to 1. In another method, if the single beam is configured to be reported, then the bitmap equal to   bits and value indicated the best beam-id or index pointing to the best beam-id for UE-2. Beam-strength is the measured beam strength. Beam-validity field will indicate the time duration for which the beam will be valid. It can be reported using at least one of the ways as mentioned below, one way is to report its absolute value, which is measured as number of symbols/mini-slots/slots/sub-frames/frames/sec/m-sec or using probability over a time interval e.g., probability of beam validity for successive symbol/mini slots/slots/sub frames/ frame after a symbol/slot/sub frame or frame in which beam measurements is reported. In case of absolute value, it can be quantized using max possible absolute value and pre-configured resolution as given below:

 is the maximum value of absolute time, and  is resolution to indicate validity, which will be pre-configured by the network. Resolution can be in terms of the number of symbols/mini slots/slots/sub frames/frames/sec/ms or micro sec. In another way, UE-1 or network will fix a probability threshold and provided it to UE-2. UE-2 will report a time indication showing beam valid probability above configured threshold. The time indication can be a one-bit indicator for showing probability above or below the threshold or it can be a time window in terms of number of symbols/mini-slots/ slots/sub frames or frames. If multiple beams are above threshold, then there will be multiple validities for multiple reported beams. This can be done by a bitmap for validity with each bit representing about probability value being above/below the probability threshold for a particular beam.

In RAN1 #112bis-e, an agreement was made on SL beam reporting container. For FFS in the agreement, we have the following proposals for the container for beam reporting and resources for beam reporting.

Proposal 7: The uplink control information (UCI) can be used to report the beam for in-coverage UEs.

Proposal 8: The UE 2 reports the SL beam management report implicitly by transmitting a sequence as a function of a UE-ID over predefined RBs corresponding to a particular beam in a PSFCH for beam management.
Proposal 9: The UE 2 reports the SL beam management report explicitly by transmitting the beam-id using MAC-CE.

Proposal 10: The resource allocation for the SL beam management report derived as
· UE2 will selects resources using mode-2 type of resource allocation.
· UE1 will reserve the reporting resources for UE2 using resource reserve mechanism of sidelink.
· gNB can allocate resources to UE2 in mode-1 type resource allocation.



b Beam Failure Recovery:

In the NR, UE detects Beam Failure based on L-RSRP measurements over BFR CSI-RS and try to switch to one of the configured set of beams. If a predefined number of Beam Failure is detected, UE trigger Beam Failure Recovery (BFR) process using fixed PRACH preambles. The predefined number of beam failure to trigger this process is defined by beamFailureInstanceMaxCount in RRC. UE sends PRACH with the ID specified in BFR-SSB-Resource.ra-PreambleIndex.
In SL, similar beam failure detection procedure can be adopted. A special semipersistent CSI-RS can be configured with fixed number of failure detection count to trigger BFR. As SL does not have PRACH new mechanism need to derive for BFR procedure. S-SSB or CSI-RS can be reused with additional configurations for BFR which need to be further investigated.

Beam failure and recovery is mainly in 4 steps:
1. Beam failure detection
2. Candidate beam selection
3. Recovery request transmission
4. Response to recovery request.

In RAN1 #112bis-e, an agreement was made on SL beam failure recovery mechanism. For FFS in the agreement, we have the following proposals for candidate beam identification,

Proposal 11: For the selection of candidate beam, the UE can be use SL-DMRS/SL-CSI-RS reference signals.


2  Conclusion:

The contribution draws the following observations and proposals,

Proposal 1: The UE1 can sends S-SSB as reference signal for initial beam pairing before the sidelink unicast link establishment to UE2, if UE1 is a SyncRefUE.

Proposal 2: UE2 can determine the transmit beam by beam sweeping of SL-CSI-RS reference signals at UE2 after beam pairing.
· FFS on Indication of receiver beam to UE1 based on initial pairing.

Proposal 3: In the SL beam reporting, the L1-SINR should be reported corresponding to the reported beam(s).

Proposal 4: For beam pairing during initial sidelink unicast link establishment, the PSCCH/PSSCH DMRS can be used.

Proposal 5: The UE1 should configure a TCI state to UE2 with QCL assumptions to determine the UE1 transmit beam related parameters.

Proposal 6: The UE2 can determine the transmit beam based on the beam correspondence.

Proposal 7: The uplink control information (UCI) can be used to report the beam for in coverage UEs.

Proposal 8: The UE2 reports the SL beam management report implicitly by transmitting a sequence as a function of a UE-ID over predefined RBs corresponding to a particular beam in a PSFCH for beam management.

Proposal 9: The UE2 reports the SL beam management report explicitly by transmitting the beam-id using MAC-CE.

Proposal 10: The resource allocation for the SL beam management report derived as
· UE2 will selects resources using mode-2 type of resource allocation.
· UE1 will reserve the reporting resources for UE2 using resource reserve mechanism of sidelink.
· gNB can allocate resources to UE2 in mode-1 type resource allocation.

Proposal 11: For the selection of candidate beam, the UE can be use SL-DMRS/SL-CSI-RS reference signals.
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