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Introduction
[bookmark: _Hlk525462591]In RAN#94-e, the WID on NR sidelink evolution was agreed; it was most recently revised in RAN#98-e [1]. The WID includes the following objective for sidelink operation in FR2:
	3. [bookmark: _Hlk89917254][bookmark: _Hlk114651095]Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· [bookmark: _Hlk89917283]Study is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible. [RAN1, RAN2]
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.


In this contribution, we identify potential issues to be studied regarding the support of sidelink (SL) beam management for SL operation on FR2 licensed spectrum.
Potential issues for study on SL beam management
The goal of SL beam management, based on the definition provided for NR Uu in 3GPP TR 38.802 [2], is to “acquire and maintain a set of [UE] beams that can be used for [SL] transmission/reception”.
Section 6.1.6.1 of [2] defines three procedures for downlink (DL) beam management:
1) [P-1] SSB based beam sweeping: During initial acquisition based on SSB (idle mode), beam sweeping is used at both gNB (TX) and UE (RX) to determine an initial pair of (relatively wide) beams. The UE transmits on a PRACH occasion that is associated with the best SSB beam, hence upon success of the PRACH procedure both gNB and UE have established an initial beam pair.
2) [P-2] CSI-RS based TX beam refinement: To increase the TX directivity/gain, a set of CSI-RS resources are configured and transmitted by the gNB using a corresponding set of narrow TX beams (within the angular range of the initial wide TX beam). The UE measures RSRP and reports the best TX beam (i.e., highest RSRP).
3) [P-3] CSI-RS based RX beam refinement: To increase the RX directivity/gain, a set of CSI-RS resources are configured and transmitted by the gNB using a fixed (narrow) TX beam (e.g., the reported best TX beam) while the UE performs RX beam sweeping using a corresponding set of narrow RX beams (within the angular range of the initial wide RX beam). The UE measures RSRP and selects the best RX beam (i.e., highest RSRP).
According to the WID [1], the present study should “reus[e] Uu beam management concepts wherever possible”. Below we provide our view on whether/how the above NR Uu procedures (P-1, P-2, P-3) may be reused/adapted for SL beam management.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634][bookmark: Proposal60954]SL beam pairing
Figure 1 shows a pair of SL UEs (A, B) performing initial SL beam pairing for unicast communication. The goal is to establish a first pair of relatively wide spatial filters (beams) for SL transmission/reception, similar to P-1 in NR Uu. These may be subsequently refined if needed, e.g., to increase TX/RX directivity/gain – similar to what is done in NR Uu with P-2 and P-3.
[image: ]
[bookmark: _Ref125606259]Figure 1. A pair of SL UEs (A, B) performing initial SL beam pairing for unicast communication
In Figure 1, UE A has P panels available for transmission (P = 4 in Figure 1) and UE B has Q panels available for reception (Q = 4 in Figure 1). A first issue that should be studied is how the UEs (A, B) determine which panels to use (at least initially) to communicate with each other. It is worth noting that the best panels determined at a given time may not be best at a later time (e.g., due to UE relative motion, rotation, obstruction by other objects, etc.), thus panel switching/maintenance may be required.
[bookmark: Obs88479]Observation 1: A pair of SL UEs may need to establish and maintain a pair of panels for SL unicast communication.
[bookmark: Proposal80324]Proposal 1: Study initial panel pairing and panel maintenance for SL unicast communication.
In order to determine the best panel combination out of P × Q possible combinations, the UEs may perform measurements on reference signals (RS) transmitted/received using the widest attainable beam on each panel (e.g., by using a single antenna element, or combining narrow beams hierarchically as described in [3]). For example, UE A may transmit SL CSI-RS sequentially on each of its P panels (using the widest attainable beam on each panel), while UE B measures RSRP on each of its Q panels (using the widest attainable beam on each panel). Such initial beam pairing may require up to P × Q SL CSI-RS to be transmitted/measured.
SL beam pairing based on S-SSB may be possible in some circumstances, e.g., in case of UE-specific S-SSB transmission configured by a gNB while in coverage (using parameter networkControlledSyncTx). However, in general (e.g., when out of coverage or in partial coverage), superposition of S-SSB transmissions from multiple UEs (e.g., located in different directions from the perspective of a S-SSB measuring UE) may render such signals unusable for SL beam pairing.
Figure 2 illustrates how the SL UEs (A, B) may perform SL beam refinement within their selected panels.
[image: ]
[bookmark: _Ref125614145]Figure 2. A pair of SL UEs (A, B) performing SL beam refinement for unicast communication
In Figure 2, UE A has M narrow beams (a1, a2, … , aM) available for transmission within its selected panel (M = 9 in Figure 2) and UE B has N narrow beams (b1, b2, … , bN) available for reception within its selected panel (N = 9 in Figure 2). Note that for simplicity only one dimension is shown (e.g., azimuth), but in general the beams may be formed in two dimensions (i.e., azimuth and elevation).
In order to determine the best narrow beam combination (a’, b’) out of M × N possible combinations, the UEs may perform measurements on reference signals (RS) transmitted/received using each of the available narrow beam pairs. For example, UE A may transmit SL CSI-RS sequentially on each of its M narrow beams (a1, a2, … , aM), while UE B measures RSRP on each of its N narrow beams (b1, b2, … , bN). Such beam refinement may require up to M × N SL CSI-RS to be transmitted/measured.
A. Exhaustive beam search
Figure 3 shows a possible SL beam pairing procedure based on exhaustive beam search.
[image: ]
[bookmark: _Ref126670093]Figure 3. SL beam pairing based on exhaustive beam search (slot-wise TX beam sweeping at UE A, symbol-wise RX beam sweeping at UE B)
In order to obtain a measurement for every possible SL beam pair, UE A may configure SL CSI-RS resources across M (not necessarily consecutive) slots, i.e., one slot for each TX beam (a1, a2, … , aM) available at UE A. During each slot, UE A may transmit a SL CSI-RS burst (r1, r2, … , rN) with a fixed TX beam, while UE B performs RX beam sweeping to measure on each SL CSI-RS with a different RX beam (b1, b2, … , bN). This is equivalent to performing P-3 sequentially M times, i.e., one time for each possible TX beam (a1, a2, … , aM). After the M × N measurements have been obtained at UE B, a beam report may be sent to UE A, e.g., indicating the TX beam(s) with highest RSRP.
Such an exhaustive beam search procedure may be necessary in some situations, e.g., in case of long-range SL relaying for public safety (e.g., if UE A and UE B are 1km away from each other). In such cases, simultaneously using the maximum attainable TX and RX gains (i.e., the narrowest attainable TX and RX beams) may be the only way to obtain reliable measurements (due to very high pathloss).
On the other hand, the latency associated with such an exhaustive beam search procedure may be very high, especially if the number of beams (M, N) is large and if non-consecutive slots are used.
[bookmark: Obs35073][bookmark: Obs88480]Observation 2: In certain situations (e.g., long-range SL), using the narrowest attainable TX beam simultaneously with the narrowest attainable RX beam may be necessary to obtain reliable beam measurements, resulting potentially in a very long (multi-slot) search for the best beam pair.
[bookmark: Proposal58865][bookmark: Proposal80325]Proposal 2: Study mechanisms to reduce the beam search space for SL beam pairing, especially for long-range SL.
B. SL beam pairing based on Uu procedure [P-2, P-3]
Figure 4 shows an alternative method for SL beam pairing based on Uu procedures P-2 and P-3 (corresponding to Uu beam refinement at TX and RX, respectively). In this case, UE A may configure SL CSI-RS resources for transmission of a first burst (r1, r2, … , rM) of SL CSI-RS, e.g., within a single slot. During that slot, similar to P-2, UE A (playing the role of the gNB) may perform TX beam sweeping, i.e., transmit each SL CSI-RS using a different TX beam (a1, a2, … , aM), while UE B measures on SL CSI-RS using a fixed, wide RX beam (e.g., the widest attainable beam on the appropriate panel). UE B may then send a beam report to UE A, e.g., indicating the TX beam(s) with highest RSRP.

[image: ]
[bookmark: _Ref126670144]Figure 4. SL beam pairing inspired by Uu procedure [P-2, P-3] (UE A plays role of gNB) (symbol-wise TX beam sweeping at UE A, symbol-wise RX beam sweeping at UE B)
In a subsequent step (akin to P-3), UE A may select a preferred TX beam (a’) (e.g., among those indicated in UE B’s report) and transmit a second (single-slot) SL CSI-RS burst (s1, s2, … , sN) using the preferred TX beam (a’), while UE B performs RX beam sweeping to measure on each SL CSI-RS with a different RX beam (b1, b2, … , bN). Based on its measurements, UE B may then select a preferred RX beam (b’).
Compared to exhaustive beam search, such a two-step beam pairing procedure may be performed much faster (e.g., within a few slots), especially if intra-slot (i.e., symbol-wise) beam sweeping is used at both UE A and UE B, as shown in Figure 4.
[bookmark: _Hlk127100705]Intra-slot TX beam sweeping at UE A, however, may cause an AGC issue at nearby RX UEs. For example, a third UE (C) (not shown) in the proximity of UE A may experience a sudden, unexpected increase in its instantaneous total received power in the middle of a slot, as UE A transmits with higher gain on a narrow TX beam pointing towards UE C, resulting in ADC saturation and consequently signal clipping at UE C.
An alternative to avoid the AGC issue caused by intra-slot TX beam sweeping would be for UE A to perform slot-wise TX beam sweeping, i.e., maintaining a fixed TX beam in each slot (as shown in Figure 3). However, this results in increased latency for beam pairing.
Moreover, the wide RX beam used by UE B to measure on the first SL CSI-RS burst may result in shorter range due to lower RX gain, as well as lower beam measurement quality due to higher interference from nearby UEs. In addition, as a result of UE B receiving SL CSI-RS with a wide RX beam, more of the received signal at UE B may be the result of reflections from a larger volume of reflectors. In NLOS conditions, UE B may thus measure the highest RSRP (total sum from all reflectors) when UE A uses the TX beam that points to the LOS, despite the LOS path itself being blocked. Thus, in NLOS conditions, this procedure is not guaranteed to find the optimal beam pair (e.g., pointing to the strongest reflector).
[bookmark: Obs88481]Observation 3: Intra-slot TX beam sweeping may cause an AGC issue at nearby RX UEs, due to a sudden, unexpected increase in instantaneous total received power in the middle of a slot.
[bookmark: Proposal80326]Proposal 3: Study how to address the AGC issue caused by intra-slot TX beam sweeping.
C. Exploiting TX/RX beam correspondence
Figure 5 shows another alternative method for SL beam pairing which exploits TX/RX beam correspondence. Based on the definition provided for NR Uu in Section 6.1.6.1 of [2], TX/RX beam correspondence at a UE (A, B) holds if the “UE is able to determine a TX beam for [SL] transmission based on the UE’s [SL] measurement on one or more RX beams”.
In this case, UE A may configure SL CSI-RS resources for transmission (e.g., within a single slot) of a first burst (r1, r2, … , rN) of SL CSI-RS using a fixed, wide TX beam (e.g., the widest attainable beam on the appropriate panel). This first SL CSI-RS burst (r1, r2, … , rN) is used for RX beam sweeping at UE B to determine a preferred RX beam (b’) among UE B’s RX beams (b1, b2, … , bN). In a subsequent step, UE B may transmit a second (single-slot) SL CSI-RS burst (s1, s2, … , sM) back to UE A using the preferred RX beam (b’) as a preferred TX beam (i.e., exploiting TX/RX beam correspondence). This second SL CSI-RS burst (s1, s2, … , sM) is used for RX beam sweeping at UE A to determine a preferred RX beam (a’) among UE A’s RX beams (a1, a2, … , aM), which is then used as preferred TX beam by UE A (again exploiting TX/RX beam correspondence).
[image: ]
[bookmark: _Ref126670165]Figure 5. SL beam pairing based on TX/RX beam correspondence (symbol-wise RX beam sweeping at UE B, symbol-wise RX beam sweeping at UE A)
A key advantage of this approach is that it circumvents the AGC issue caused by intra-slot TX beam sweeping in the Uu-based SL beam pairing procedure described above. Here, each UE (A, B) maintains a fixed TX beam during the respective slot (while the other UE performs RX beam sweeping), thus there is no sudden, unexpected increase in instantaneous total received power at nearby UEs (e.g., UE C) in the middle of the slot.
Another advantage is the potential for very low latency, as this two-step procedure may be performed very fast (e.g., within 2 consecutive slots), as no beam reporting is needed between the UEs (A, B).
One drawback with this approach is that TX/RX beam correspondence may not always hold. For example, in NLOS channels, reflectors may not always behave reciprocally or symmetrically (i.e., reflect incident radio waves equally in both directions), thus a preferred RX beam (e.g., pointing to a non-reciprocal reflector) may not always be the preferred TX beam.
Moreover, the wide TX beam used by UE A to transmit the first SL CSI-RS burst may result in shorter range due to lower TX gain, as well as higher interference caused to nearby UEs. In addition, as a result of UE A transmitting SL CSI-RS with a wide TX beam, more of the received signal at UE B may be the result of reflections from a larger volume of reflectors. In NLOS conditions, UE B may thus measure the highest RSRP (total sum from all reflectors) on the RX beam that points to the LOS, despite the LOS path itself being blocked. Thus, in NLOS conditions, this procedure is not guaranteed to find the optimal beam pair (e.g., pointing to the strongest reflector).
Another aspect to consider is related to power consumption associated with (possibly periodic) SL CSI-RS transmission. If UE B is a power-constrained (e.g., battery-driven) device while UE A is not, it may be better to let UE A perform all the SL CSI-RS transmissions (as in the Uu-based procedure above) while UE B performs RX beam sweeping, which may consume less battery power.
[bookmark: Obs88482]Observation 4: TX/RX beam correspondence may be exploited to circumvent the AGC issue caused by intra-slot TX beam sweeping and significantly reduce the time needed for SL beam pairing.
[bookmark: Proposal80327]Proposal 4: Study how TX/RX beam correspondence may be exploited for SL beam pairing.
D. Comparison of SL beam pairing approaches
Table 1 summarizes the pros and cons of each of the SL beam pairing approaches discussed above.
[bookmark: _Ref126845741]Table 1. Comparison of different SL beam pairing approaches
	
	Exhaustive beam search
	Uu-based SL beam pairing (P-2, P-3)
	SL beam pairing based on TX/RX beam correspondence

	Pros
	Longer range (due to simultaneous use of narrowest attainable TX and RX beams)
Optimal beam pair
	Low latency (in case of intra-slot TX beam sweeping)


	Very low latency (no beam report needed between SL CSI-RS bursts)
No AGC issue (no TX beam sweeping)

	Cons
	High latency (depending on number of beams, non-consecutive slots)
	AGC issue (in case of intra-slot TX beam sweeping)
Shorter range (due to wide RX beam)
Higher interference from nearby UEs due to wide RX beam (reducing beam measurement quality)
Suboptimal beam pair (potentially, in NLOS)
	TX/RX beam correspondence may not always hold
Shorter range (due to wide TX beam)
Higher interference caused to nearby UEs due to wide TX beam
Suboptimal beam pair (potentially, in NLOS)
Higher power consumption at UE B (due to SL CSI-RS burst transmission by UE B)


Each of the described SL beam pairing approaches may be preferred in a given setting. For long-range SL, it may be necessary to perform an exhaustive beam search simultaneously using the narrowest attainable TX and RX beams. If range and latency are not a concern, the Uu-based beam pairing procedure may be used, with slot-wise TX beam sweeping to avoid the AGC issue. If very low latency is required and channel reciprocity can be assumed, the beam pairing procedure based on TX/RX beam correspondence may be the only option available. Thus, it may be best for the specification to support not one but multiple SL beam pairing approaches, in order to adequately cover different conditions and requirements.
[bookmark: Obs88483]Observation 5: Different SL beam pairing approaches may be preferred in different settings.
[bookmark: Proposal80328]Proposal 5: Study how the specification may support different SL beam pairing approaches, depending on different conditions (e.g., range, channel reciprocity) and requirements (e.g., latency).
E. Control signaling for SL beam pairing
In order to support SL beam pairing, new control signaling needs to be standardized for NR SL. Based on the SL beam pairing approaches described above, at least the following information may need to be exchanged by the UEs (A, B):
1. SL beam capability: In order to determine appropriate SL CSI-RS resources for performing beam measurements, the following information may be required.
a. Number of panels (P, Q) and/or (narrow) beams per panel (M, N) that are to be measured. In Figure 5, for example, 9 beams need to be measured within the selected panel. Thus, at least 9 SL CSI-RS symbols (one per beam) need to be transmitted. In some cases, more than one SL CSI-RS symbol may be needed per beam in order to ensure a sufficient beam measurement quality.
b. Beam switching time. In Figure 5, for example, it has been assumed that beams can be switched fast compared to a symbol duration. Thus, consecutive symbols may be used for transmitting SL CSI-RS corresponding to different beams. However, if the time it takes to switch beams is comparable to (or larger than) a symbol duration, non-consecutive symbols may need to be configured for transmitting SL CSI-RS corresponding to different beams.
2. SL CSI-RS resource configuration: In order to perform the appropriate beam measurements, the measuring UE (A or B) needs to know the time/frequency resource location of SL CSI-RS to be transmitted by the other UE (B or A). Such SL CSI-RS resources may be periodic, aperiodic, etc.
3. SL CSI-RS measurement request: In case of aperiodic SL CSI-RS, a UE transmitting aperiodic SL CSI-RS (A or B) needs to trigger/request the measuring UE (B or A) to perform the beam measurements. Such a beam measurement request may be conveyed, e.g., by a 2nd-stage SCI, similar to the legacy CSI request.
4. SL CSI-RS transmission request: In some cases, a UE (A) may explicitly request SL CSI-RS transmission by the other UE (B), e.g., in order to perform its own RX beam sweeping and determine a preferred TX beam (i.e., exploiting TX/RX beam correspondence). To improve beam measurement quality, such a SL CSI-RS transmission request may optionally indicate (preferred) resources for SL CSI-RS transmission by the other UE (B), similar to inter-UE coordination (IUC).
[bookmark: Obs88484]Observation 6: New control signaling is needed to support SL beam pairing.
[bookmark: Proposal80329]Proposal 6: Study what information (SL beam capability, SL CSI-RS resource configuration, SL CSI-RS measurement request, SL CSI-RS transmission request, etc.) needs to be exchanged by the UEs for SL beam pairing, and which layer (L1, L2, L3) may be used to convey such information.
SL beam maintenance
As a result of relative motion between the SL UEs (A, B), UE rotation or changes in the surrounding environment (e.g., an object obstructing the LOS, a strong reflector (dis)appearing, etc.), the best beam pair at a given time may no longer be best at a later time. Thus, SL beams need to be tracked and maintained over time.
In order to maintain the optimal beam pair in a dynamic environment (e.g., V2X), periodic SL CSI-RS may be configured with a periodicity that is sufficiently short (e.g., 100ms) to deal with the expected rate of change. However, performing beam measurements too frequently may incur significant overhead and power consumption.
An alternative (or complementary) strategy is to trigger beam measurements on demand, e.g., based on a condition being fulfilled. For example, having established an initial beam pair (a’, b’), the UEs (A, B) may monitor the beam quality over time (e.g., based on SL CSI-RS), and only trigger measurements for other beams in case the beam quality (e.g., RSRP) degrades beyond a threshold.
Another aspect that may be worth studying is how to prioritize measurement on some beams over others, especially if performing exhaustive measurements on all beam pairs is impractical or undesirable. For example, as illustrated in Figure 6, in LOS conditions, a future best beam pair (a2, b2), (a3, b3), etc., is likely to be adjacent to the present best beam pair (a1, b1) (e.g., as UEs move relative to each other). Thus, it may not be necessary or efficient to keep track of all possible beam pairs all the time.
[bookmark: Obs88485]Observation 7: In LOS conditions, a future best beam pair is likely to be adjacent to the present best beam pair.
[bookmark: Proposal80330]Proposal 7: Study how to optimize SL beam maintenance, e.g., by prioritizing adjacent beam measurements.
[image: ]
[bookmark: _Ref127283291]Figure 6. In LOS conditions, a future best beam pair is often adjacent to the present best beam pair

SL beam failure recovery
In case of an abrupt degradation of beam quality (e.g., due to an object suddenly or unexpectedly blocking the LOS), the UEs may trigger a SL beam failure recovery procedure.
One straightforward strategy upon a SL beam failure on a narrow beam is to fall back to a wide beam (e.g., the widest attainable beam on the current panel). A wider beam pair may be used to maintain SL communication (albeit possibly at a lower data rate, due to lower TX/RX gain) while a narrower beam pair is restored.
Another possible strategy to enhance reliability is to exploit SL beam diversity. As shown in Figure 7, there may often be multiple strong reflectors, even in NLOS conditions, resulting in not one but multiple suitable beam pairs. For example, if two suitable beam pairs (a1, b1) and (a2, b2) exist and there is a sudden beam failure on (a1, b1), then (a2, b2) can be used to maintain SL communication (possibly at a similar data rate) while beam failure recovery is performed.
[bookmark: Obs88486]Observation 8: SL beam diversity may be used to maintain SL communication while recovering from a SL beam failure.
[bookmark: Proposal80331]Proposal 8: Study how SL beam diversity can be used to enhance resilience against SL beam failures.
[image: ]
[bookmark: _Ref127288286]Figure 7. SL beam diversity (e.g., via multiple strong reflectors)

Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we have the following observations and proposals:
Observation 1: A pair of SL UEs may need to establish and maintain a pair of panels for SL unicast communication.
Proposal 1: Study initial panel pairing and panel maintenance for SL unicast communication.
Observation 2: In certain situations (e.g., long-range SL), using the narrowest attainable TX beam simultaneously with the narrowest attainable RX beam may be necessary to obtain reliable beam measurements, resulting potentially in a very long (multi-slot) search for the best beam pair.
Proposal 2: Study mechanisms to reduce the beam search space for SL beam pairing, especially for long-range SL.
Observation 3: Intra-slot TX beam sweeping may cause an AGC issue at nearby RX UEs, due to a sudden, unexpected increase in instantaneous total received power in the middle of a slot.
Proposal 3: Study how to address the AGC issue caused by intra-slot TX beam sweeping.
Observation 4: TX/RX beam correspondence may be exploited to circumvent the AGC issue caused by intra-slot TX beam sweeping and significantly reduce the time needed for SL beam pairing.
Proposal 4: Study how TX/RX beam correspondence may be exploited for SL beam pairing.
Observation 5: Different SL beam pairing approaches may be preferred in different settings.
Proposal 5: Study how the specification may support different SL beam pairing approaches, depending on different conditions (e.g., range, channel reciprocity) and requirements (e.g., latency).
Observation 6: New control signaling is needed to support SL beam pairing.
Proposal 6: Study what information (SL beam capability, SL CSI-RS resource configuration, SL CSI-RS measurement request, SL CSI-RS transmission request, etc.) needs to be exchanged by the UEs for SL beam pairing, and which layer (L1, L2, L3) may be used to convey such information.
Observation 7: In LOS conditions, a future best beam pair is likely to be adjacent to the present best beam pair.
Proposal 7: Study how to optimize SL beam maintenance, e.g., by prioritizing adjacent beam measurements.
Observation 8: SL beam diversity may be used to maintain SL communication while recovering from a SL beam failure.
Proposal 8: Study how SL beam diversity can be used to enhance resilience against SL beam failures.

References
[bookmark: _Ref101277413][bookmark: _Ref101433227][1]	RP-222806, WID on NR sidelink evolution, 3GPP TSG RAN#98-e.
[2] 3GPP TR 38.802, “Study on New Radio Access Technology Physical Layer Aspects”, V14.2.0 (2017-09).
[3] L. Montero, C. Ballesteros, C. de Marco et al. (2022), “Beam management for vehicle-to-vehicle (V2V) communications in millimeter wave 5G”, Vehicular Communications 34 (2022) 100424.
image1.emf
Q P

A

B


image2.emf
A

B

M N

a

M

a

1

b

N

b

1

a’

b’


image3.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13

AGC

PSSCH PSSCH

DMRS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

GUARD

PSCCH

AGC

PSSCH PSSCH

DMRS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

GUARD

PSCCH

A B

AGC

PSSCH PSSCH

DMRS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

GUARD

PSCCH

…

b

N

b

1

b

N

b

1

b

N

b

1

a

M

a

1

a

M

a

1

a

M

a

1

r

1

r

2

r

N

r

1

r

2

r

N

r

1

r

2

r

N


image4.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13

AGC

PSSCH PSSCH

DMRS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

GUARD

PSCCH

AGC

PSSCH PSSCH

DMRS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

GUARD

PSCCH

A B

r

1

r

2

r

M

s

1

s

2

s

N

a

M

a

1

a’

b’

b

N

b

1


image5.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13

AGC

PSSCH PSSCH

DMRS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

GUARD

PSCCH

AGC

PSSCH PSSCH

DMRS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

SL CSI

-

RS

GUARD

PSCCH

a

M

a

1

b

N

b

1

r

1

r

2

r

N

s

1

s

2

s

M

a’

b’

b’

A B


image6.emf
B

A

b

2

b

3

b

1

a

2

a

3

a

1


image7.emf
A B


