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Introduction
RAN1 #109-e agreed on four proposals for the channel access sub-agenda item of SL-U. The four proposals touched upon fundamental aspects of channel access and triggered relate further studies. The four aspects are:
· Listen before talk (LBT) types and channel access priority class (CAPC) for the different signals and channels,
· Channel occupancy time (COT) sharing and cyclic prefix extension (CPE),
· Channel access procedures for multiple channels, and
· Mode 1 and mode 2 resource allocations.
A fifth proposal on evaluation methodology was not agreed at the end of meeting. Nevertheless, a draft including a highly detailed indoor scenario (based on NR-U evaluation methodology from TR 38.889, with elements of peer-to-peer and cluster sidelink) and an additional outdoor scenario (focusing on V2X) was produced. 
In this paper we tackle several aspects introduced in the FFS items of the agreed proposals, and revisit the drafted evaluation methodology. We believe that next to progressing on technical agreements it will be fundamental to agree on an evaluation methodology so that systematic studies can be carried out to support and evaluate proposals from companies in a fair manner. 
The aspects tackled in this paper include:
· LBT for channel access, including:
· Baseline channel access for different channels
· CAPC tables and mapping with priority levels
· COT sharing
· Allowed transmissions
· Sharing indication and COT-SI
· LBT types, gaps, and eligibility of responders
· Resource allocation
· Mode 1 and mode 2
· TDM and FDM operation
· Optimizations for contiguous transmission bursts
· Multi-channel access
· Evaluation methodology
· Simulation results
· Channel access with sub-slot granularity
· [bookmark: _Ref111016953]COT sharing 

Discussion 
[bookmark: _The_starvation_problem]Listen before talk for channel access
The first agreement of RAN1 #109-e captures support of LBT types from Rel-16 NR-U. 
Agreement
Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.
· FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)
· FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 
· FFS how the channel access priority classes apply to each SL channel and signal
· FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.

Baseline channel access for different channels
PSSCH
In NR-U, DL and UL procedures for channel access use Type 1 LBT as baseline for data transmission. Also Type 2 LBT should be supported for COT sharing, for which detailed proposals are provided in the related section.
[bookmark: _Toc111201018]Proposal 1: For PSCCH/PSSCH transmission, use Type 1 LBT as the baseline channel access, with a CAPC value  based on the priority of the SL-SCH to be transmitted, for all casts. Type 2 LBT can be used in case of COT sharing according to all the applicable restrictions.
PSFCH
For PSFCH transmission, we can consider Type 1 LBT with the lowest CAPC index as baseline and Type 2 LBT for COT sharing (further details on the related section.) 
[bookmark: _Toc111201019]Proposal 2: For PSFCH, use Type 1 LBT as the baseline channel access, with CAPC value . Type 2 LBT can be used in case of COT sharing according to all applicable restrictions.
The lack of HARQ feedback for a PSSCH can be highly disruptive for performance, and therefore the incentives are to facilitate the transmission of the PSFCH. The short control signaling transmission (SCSt) clause can be considered to transmit some PSFCHs. If R16 periodic PSFCH occasions are supported in SL-U, then some contention-free PSFCH transmissions can be allowed. Regulations in FR1 [4] indicates as limits for SCSt a total of 50 transmissions over 50 , with max total time of . 
[bookmark: _Ref111200171][bookmark: _Toc111201066]Observation 1: Based on the periodic PSFCH, and depending on the used numerology and sub-carrier spacing, some PSFCH transmissions can be transmitted with short control signaling over each  time window, according to the table below.
	[bookmark: _Ref111109849]SCS (kHz)
	15
	30
	60

	PSFCH duration (us)
	143
	71.5
	35.75

	PSFCH periodicity (slot)
	1
	2
	4
	1
	2
	4
	1
	2
	4

	# PSFCH TXs over 50ms window
	50
	25
	12
	100
	50
	25
	200
	100
	50

	Duration PSFCH TXs over 50 ms window (ms)
	7.15
	3.575
	1.7875
	7.15
	3.575
	1.7875
	7.15
	3.575
	1.7875



[bookmark: _Ref111124655]Table 1: Maximum number and duration of PSFCH transmissions for different numerologies and periodicities over a  window.
As can be observed in Table 1, with a PSFCH periodicity of 4, all PSFCH transmissions can use SCSt as their total transmission duration is less than 2.5ms. Smaller PSFCH periodicities would allow for only some of the PSFCH transmissions to be contention-exempt. For the LBT type we can follow NR-U approach for SSB, i.e., use Type 2A.
[bookmark: _Toc111201020]Proposal 3: For PSFCH, allow SCSt with Type 2A LBT based on the numerology, the PSFCH periodicity, and the limitations for SCSt, for each time window of .

S-SSB
For S-SSB transmissions, we should consider that 
· NR-U allowed DRS transmission with Type 2 LBT depending on the duty cycle when alone or multiplexed with non-unicast data,
· NR-U allowed DRS transmission with Type 1 LBT (any CAPC) when multiplexed with unicast data, 
· NR SL excluded S-SSB slots from resource pool.
Within the agreements of the Physical Channel Design sub-agenda item, as captured in the chair notes, one tackles S-SSBs as followsAgreement
For S-SSB and synchronization in SL-U:
· FFS the time domain locations of S-SSB resources, e.g., whether/how to introduce more candidate occasions compared with R16/R17 NR SL design, etc.
· Down-selection at least one of the following solutions to meet OCB and PSD requirement for S-SSB transmission
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
· FFS: whether to support 4 symbols S-SSB
· Note: 4 symbols S-SSB can be considered with options 1/2/3/4 above
· FFS whether the temporary exemption of OCB requirement is applicable for S-SSB transmission
· FFS whether any changes to R16/R17 NR SL synchronization procedure


In our companion paper on physical layer design [3] we discuss some alternatives for S-SSB designs including supporting Option 2 with 4-symbols S-SSB waveforms. We are also positive on introducing multiple occasions as in NR-U to fight against LBT uncertainty. As far as the type of channel access is concerned, Type 1 should be the default methodology. In the case that multiplexing S-SSB and data is supported, the CAPC can be selected according to the multiplexed data. If in a slot with configured S-SSB opportunity there is a COT available (initiated by another UE), then S-SSB can be transmitted after Type 2 channel access. 
[bookmark: _Toc111201021]Proposal 4: Type 1 LBT is the baseline channel access. If S-SSB multiplexing with data is supported, then CAPC is for LBT procedure is selected according to the multiplexed data.
[bookmark: _Toc111201022]Proposal 5: S-SSB can be transmitted with COT sharing. In that case Type 2 LBT is the baseline channel access.
Short control signaling transmission can also be considered for low duty cycle S-SSB transmissions. In that case we can follow NR-U and use Type 2A LBT. Nevertheless, there is a discussion on how to fulfill the OCB and PSD requirements for S-SSB transmissions. One of our proposals in the physical layer design paper [3] is that S-SSB can exploit the temporary OCB clause, which requires the reduced BW transmission to be within a COT. Therefore, the utilization of the SCSt with Type 2A LBT for a narrow-band waveform exploiting the temporary OCB clause may be critical with respect to regulations. Further discussions may be needed to interpret regulations on this matter and determine whether the temporary OCB and the short control signaling clauses can be used together for S-SSB transmissions.
[bookmark: _Toc111201023]Proposal 6: Further study the applicability of temporary OCB and short control signaling clauses for S-SSB transmissions.


CAPC, CW, MCOT 
In general, we don’t have strong preference for which CAPC table (i.e., DL or UL) to use (tables are shown in Figure 1). We believe that there may be upsides in using both. For example, in applications with anchor-node UE (e.g. PLC applications, or gaming with a server), such a UE may want to consistently share the COT with many client UEs. In that case, having easier time accessing a channel (and having a longer COT available) may be preferred. In that regards, DL table may be preferable. In other, cases, for example in ultra-dense networks, it may be better to have a wider range of contention windows (expandable via exponential backoff) to have more chances to back off if collisions occur. Nevertheless, it might be possible to exploit the intra-RAT collision avoidance capabilities offered by gNB scheduling (for mode 1 UEs) and resource reservation (for mode 2 UEs).
[bookmark: _Toc111201024]Proposal 7: Further study application of DL and/or UL CAPC table
[image: ]
[bookmark: _Ref111110665]Figure 1: DL and UL CAPC tables from TS 37.213.
Mapping between SL priority levels (PQI and L1 priority) and CAPC
Mappings between priority indicators of QoS flows and CAPC can be either fixed or configurable. In general, multiple mapping functions can be considered. The mapping function could be related to a UE profile or signaled from the gNB, depending also on the RRC connection state of the UE. Specific mappings needs to be further studied.
[bookmark: _Toc111201025]Proposal 8: Multiple mapping functions between either L1 priority of QoS flows and CAPC can be adopted in SL-U. Only one mapping function is configured for a UE at any given time.
[bookmark: _Toc111201026]Proposal 9: The mapping function between L1 priority and CAPC can be determined with one alternative between: a) on a UE profile, or b) can be configured by the gNB.
[bookmark: _Toc111201027]Proposal 10: Further study specific mapping function between priorities of QoS flows within LCH and CAPC.

COT sharing
In RAN1 #109-e, we agreed on the following:Agreement
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)
· FFS all other details in compliance with the regulatory requirements
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.


Content of COT sharing transmissions
NR SL supports unicast, groupcast, and broadcast, which should be considered while studying COT sharing. 
In NR-U, DL-to-UL COT sharing encompasses only unicast transmissions back to the gNB. On a basic level, UE-to-UE COT sharing should support at least this behavior for a responder UE to send back PSFCH or unicast PSSCH to the initiator UE.
[bookmark: _Toc111201028]Proposal 11: A responder UE can use COT sharing to send PSFCH and unicast PSSCH to a COT initiator UE.
[bookmark: _Toc102096621][bookmark: b17]In NR-U DL, a gNB may transmit a transmission that follows an UL transmission on a COT initiated by a UE with Type 1 LBT if it contains a transmission to the UE that initiated the COT and can include non-unicast and/or unicast transmissions. Any unicast transmission that includes user plane data is only transmitted to the UE that initiated the channel occupancy. If the higher layer parameter indicating UL-to-DL COT sharing ED threshold is not provided, then the transmission must be short (only a 2, 4, or 8 symbols depending on SCS) and shall not include unicast with user plane data. For UL-to-DL sharing after CG-PUSCH, the UE has a COT sharing information in CG-UCI to signal that the COT can be shared by the gNB. 
This approach (the responder UE mimic the gNB, and the initiator UE mimic the UE with CG-UL in UL-to-DL COT sharing) could be used in SL-U to extend COT sharing to the cases where a UE want to send control information to more UEs, or want to send groupcast or broadcast data.
[bookmark: _Toc111201029]Proposal 12: A responding UE can use COT sharing to perform transmissions where the initiating UE is one of the recipients, which includes: a) The transmission is unicast data back to initiating UE, b) The transmission is connection based groupcast that includes the initiating node in the group, c) The transmission is connectionless groupcast that includes the initiating node as the receiver node, d) The transmission is broadcast.
Note: For (c) the responding UE needs to make sure that the initiator is within the communication range (NACK distance). For (d), by definition, the initiator is considered a destination of the broadcast data.

COT sharing indication and COT-SI
It may be needed to limit the COT sharing to avoid the effect of “COT forwarding”. If a UE bases its evaluation of whether or not to attempt COT sharing only on being a valid receiver for the previous transmission or not, then COT forwarding may happen. For example, if UE2 respond to UE1 (initiator) with a groupcast transmission, a UE3 that is a destination of UE2’s groupcast may wrongly assume that COT can be shared to him. It might be necessary to explicitly signal that a transmission is from a COT initiator, or similarly, that COT sharing is allowed, which can be interpreted by the receiving UE(s) as an indication that after the current transmission the COT resources can be accessed with Type 2 LBT. So one option is to explicitly signal COT sharing.
[bookmark: _Toc111201030]Proposal 13: Use SCI-1 or SCI-2 indication to signal that the COT sharing is allowed for eligible UE(s). Eligible UEs can access the COT resources with Type 2 LBT after the end of the transmission that signaled the COT sharing.
NR-U introduced in DCI 2_0 an indication of the time/frequency rectangle representing the acquired COT. This feature can be supported in SL-U. Additional information could potentially be supported to further indicate which portion of the COT rectangle are open for sharing. This information can be useful for the UE that is responding to understand the duration limit of a response transmission burst.
[bookmark: _Toc111201031]Proposal 14: Introduce COT structure information (COT-SI) indication, that can be sent from the initiator via SCI-1 or SCI-2 to indicate the time and frequency resources for the COT.
[bookmark: _Toc111201032]Proposal 15: The COT sharing indication can be used along the COT-SI to determine shareable/non-shareable time/frequency resources within the COT.

LBT types, gaps, and eligibility for transmitting over a COT
When COT sharing is indicated in SL-U from UE1 to UE2, this is not accompanied by a scheduling (as in NR-U), hence there is no control on the gap between the two transmissions on UE1’s side. This is why it is preferred to copy NR-U gNB-to-UE COT sharing for what concerns allowable gaps between transmissions, and allow Type 2A LBT for UE-to-UE COT sharing even for gaps that are longer than .
[bookmark: _Toc111201033]Proposal 16: Introduce UE-to-UE COT sharing with baseline Type 2A LBT when the transmission gap between the initiator and the responder respects . The responder can use Type 2B if the time gap is  , or 2C LBT if  the time gap is .
When COT sharing is signaled, there is a question on whether the indication is meant for all the responders of the initiator over the COT duration up to the indication time, or to a subset of them. We can have different alternatives:
[bookmark: _Toc111201034]Proposal 17: The eligible UE(s) for COT sharing can be determined based on one of the following alternatives: a) being a destination of the COT initiator over the current COT, or b) being a destination of the COT initiator of the transmission containing a COT sharing indication.
NR-U has a limitation for resuming transmissions on the COT initiator’s side. The gNB can resume transmission in its COT only if any gap between transmission bursts was limited to be . Again, the fact that the gNB schedules the UE in NR-U means that gNB has the full information of the timing of the transmissions and can plan for short gaps accordingly. This is not the case for UE-to-UE COT sharing in SL-U, where it may be difficult for the COT initiator to resume transmissions after sharing (e.g., after a TX burst from the sharing UE). Some methods for improving resuming transmissions from the COT initiator could be studied.
[bookmark: _Toc111201035]Proposal 18: Discuss the cases where it is allowed resuming transmissions on the COT initiator’s side over a COT that has been shared to another UE, and study methods for resuming transmissions and their applicability according to regulations.
Some cases where it may be possible to resume transmissions after a time-limited COT sharing is provided by the predictability of transmissions from the responders, as for PSFCH and S-SSB, and is discussed in Section 2.2.4. Other optimizations for contiguous transmission burst are discussed in Section 2.3.3.

[bookmark: _Ref111167160]COT sharing for PSFCH and S-SSB
Some transmissions as PSFCH and S-SSB can be tied to specific configured opportunities and periodicities. If an opportunity for one of those transmissions falls within a COT, we can define UE behaviors to enable COT sharing for the aforementioned signals. The minimal requirement is that the UE that wants to send PSFCH or S-SSB without Type 1 access is aware of an ongoing COT (for example receives a COT-SI). Then an alternative is that the UE is a valid receiver of the initiator during the COT (has received a transmission). Another alternative is that the initiator signals directly to the UE that the transmission on configured resource can be performed with COT sharing (for example a PSFCH in response to a PSSCH, or an S-SSB in certain occasion). In case of PSFCH, the indication could be an SCI-2 flag to signal that the feedback to the current PSSCH can be performed with Type 2 channel access. Another more relaxed alternative is that the UE doesn’t need to be a valid receiver of the COT initiator, and rather the transmission opportunity is just honored.
[bookmark: _Toc111201036]Proposal 19: A UE can send PSFCH or S-SSB with COT sharing in a configured opportunity based on one of the following alternatives: a) the UE is a destination of the initiator over the COT duration (needs to receive COT-SI), or b) the UE is indicated sharing for the specific transmission opportunity via SCI or, c) the opportunity falls within an ongoing COT (needs to receive COT-SI). 

[image: Graphical user interface, application

Description automatically generated]
Figure 2: UE to UE COT sharing for PSFCH and PSCCH/PSSCH.


Resource Allocation 
In RAN1 #109-e we reached the following agreement for resource allocation enhancements:Agreement
· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 1 resource allocation selection procedure needs to be updated / enhanced due to shared spectrum channel access
· The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access
· FFS whether/how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects
· channel access, resource allocation and PHY channel design
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access
· RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2

Mode 1
RAN #96 updated the WID [1] , and established that in SL-U operation, neither gNB can use Type1 to obtain a COT to share with a UE for SL transmissions, nor can use Type 2 LBT to share a UE-initiated COT. The absence of gNB sensing in the picture for mode 1 operation open new challenges related to the extent of the awareness that the gNB can have of the conditions of the shared channel. Some kind of mechanism for the gNB to acquire the status of the shared channel seems to be needed. 
[bookmark: _Toc111201037]Proposal 20: Introduce an LBT failure report from mode 1 UE to the gNB so that the gNB can provide LBT-aware resource allocation for the mode 1 UE in the form of grants over DCI 3_0. The LBT failure report can be sent to the gNB via: a) MAC-CE over PUSCH or b) PUCCH. 
Currently each DCI 3_0 can indicate a PUCCH, which will carry one bit for Ack/Nack info per reported TB. There is no distinction between a Nack for LBT failure or one for transmission failure. We would like to distinguish between the  following events:
· LBT failed (transmission did not occur)
· LBT passed (transmission occurred), and Nack
· LBT passed (transmission occurred), and Ack
Adding one bit to the report per PSSCH in PUCCH can solve the issue.
[bookmark: _Toc111201038]Proposal 21: The LBT failure report over PUCCH can be delivered with one additional bit per PSSCH.
[image: ]
Figure 3: PUCCH enhancement with LBT failure report for mode 1.
In general, the gNB could provide to the UE a multi-TTI grant, so that the UE can perform sequentially LBT until success and then perform a transmission burst. It may be of interest for the upper layers to learn how many LBT attempts are needed before to obtain the right to transmit. For multi-TTI grant, a single DCI 3_0 grant schedules multiple PSSCH transmissions and the transmitter may not need to perform additional LBT during the scheduled PSSCH transmission burst after the 1st LBT succeeds. It is also possible that the grant spans a discontinuous set of time resources so that multiple LBTs are needed.
[bookmark: _Toc111201039]Proposal 22: Study how to introduce LBT failure report for multi-TTI grants for mode 1 operation.

Mode 2
Mode 2 UEs have to perform a two-step procedure, i.e., resource selection and resource reservation. The MAC asks the PHY to exclude a set of resources in the selection window based on a sensing of subchannels. During the sensing part, the UE detects the level of RSRP over the slots where SCI-1 reservations were received, and projects it on the reserved resource under test. During the exclusion step the said RSRP is tested against a threshold to assess the acceptability of the level of interference in case a collision may occur in the said resource under test. In the reservation step, a UE, communicates via SL control information (SCI-1) a limited number of selected future resources (up to 2) that can potentially be used for retransmissions. Notably, due to NR SL being optimized for V2X traffic, a UE performs resource selection and reservation of a single TB at a time.
[image: ]
Figure 4: Rel-16 mode 2 resource selection.
In the unlicensed spectrum, the uncertainty introduced by LBT can impact Rel-16 mode 2 resource allocation, which may need enhancements to achieve the high throughput targeted by SL-U. We present the following two arguments: 
The first reason is related to the potential inefficiency of the process of resource selection and LBT. In fact, a UE, after firstly selecting a set of resources, could fail LBT, which would trigger an LBT failure at the MAC layer. A possible way of handling such an LBT failure could be to issue resource re-selection at the MAC layer, which may introduce severe overhead and impede throughput (see Figure 5).
[bookmark: _Toc102096618][bookmark: _Ref111200175][bookmark: _Ref111200406][bookmark: _Toc111201067]Observation 2: Rel-16 resource selection can experience severe overhead due to multiple re-selection occurring due to multiple LBT failures, which can lead to low throughput.
 [image: ]
[bookmark: _Ref102060522]Figure 5: Rel-16 resource selection multiple TBs transmissions (with potential re-selections needed due to LBT failures).

The second reason is related to the system-level impact of unused reserved resources due to LBT failure. Consider for example a UE1 that successfully selects resources and broadcasts its reservation SCI 1. Such a UE1 can potentially fail to clear the LBT for channel access corresponding to future reserved resources. Other UEs that decode the reservation SCI 1 from UE1 can exclude the said resources, which can be wasteful. Therefore, we propose to jointly study LBT and mode 2 resource allocation.
[bookmark: _Ref111030338][bookmark: _Toc102096619][bookmark: _Ref111030334][bookmark: b12][bookmark: _Ref111200177][bookmark: _Ref111200410][bookmark: _Toc111201068]Observation 3: Rel-16 resource reservation may negatively impact the system throughput due to unused reserved resources due to LBT failure.

Enhancements for TDM operation
A first package of enhancements is proposed to help eMBB-like high-activity UEs, that seek to obtain channel access for a large amount of resources (at the granularity of LBT BW), potentially on multiple LBT channels, and with a reduced degree of coordination. The enhancements focus on improving the performance of resource selection/reservation while tackling LBT uncertainty and enabling TDM operation with prioritization and include:
1. Providing the UE with “Long” selection and reservation of contiguous resources (at COT granularity)
2. Providing the UE with selection and reservation of micro-second level resources (contention slots)
3. Introducing the concept of “soft exclusion” in resource selection to allow selecting and reserving resources that have already been reserved, and 
4. Introduceing a mechanism for prioritization of overlapping reservations (in-COT and out-of-COT)

Long resource selection and reservation
Legacy NR SL resource selection allows selection of a number of subchannels on a first slot for the transmission of a TB and the same number of subchannels for retransmitting the same TB in up to two future slots.
LBT uncertainty can introduce inefficiencies in the resource selection process. In fact, a UE, after firstly selecting a set of resources, could fail LBT, which would trigger an LBT failure at the MAC layer. A possible way of handling such an LBT failure could be to issue resource re-selection at the MAC layer, which may introduce severe overhead and impede throughput.
[bookmark: _Ref111200179][bookmark: _Toc111201069]Observation 4: Rel-16 resource selection can introduce severe overhead due to re-selection in conjunction with LBT failure and lead to low throughput.
For this reason, we want to introduce resource selection and reservation for multiple contiguous resources to provide the UE with
· more time to complete LBT without triggering an LBT failure and a new selection step in the MAC
· multiple contiguous resources in time to perform transmission bursts (multiple TBs) and avoid to perform multiple channel accesses

[bookmark: _Toc111201040]Proposal 23: A UE can select and reserve a set of subchannels for a duration of N2 slots in time where N2>N1 with N1 being the number of TBs to be transmitted.
[image: ]
Figure 6: Illustration of long selection enhancement.
[image: ]
Figure 7: Illustration of COT-level long reservation.
To tackle LBT uncertainty it may be beneficial to start LBT as soon as possible. For this reason, if the UE is not trying to align its transmission with that of another UE (as it will be presented in Section 2.3.2.2), it may be possible to avoid the random selection of the non-excluded resources, and rather select resources according to implementation (e.g., towards the start of the selection window, or aligning with some existing reservation to try to FDM with other UEs, as it will be further discussed later in the section). 
[bookmark: _Toc111201041]Proposal 24: Alternatively to the random selection of resources within the selection window, a UE can select a set of resources based on implementation.

Resource selection and reservation at contention-slot granularity
In Rel-16 NR SL transmissions can start only at the slot boundary. In NR-U CG-PUSCH design micro-second level transmission starting points at the granularity of contention slots of   have been introduced to reduce intra-RAT collisions of UEs transmitting CG-PUSCH. Such contention slots are introduced before and after the slot boundary. A UE can select one of this contention slot as transmission starting point according to a policy (e.g., randomly, or based on priority). A UE that completes the channel access procedure has to sense the channel before the contention slot selected as transmission starting point and can start transmissions if the channel is detected as free (e.g., as a part of the additional sensing under the Type 1 channel access in NR-U). Following this scheme, UEs that would transmit at the same slot boundary but select different contention sots will result in the one selecting the earlier contention slot to have an advantage for starting transmissions (if that one finds the channel clear and start transmissions the second may find the channel busy and defer transmissions, as displayed in Figure 8).
For example, symbol #13 and symbol #0 can be divided into  contention slots, each UE can select one of those contention slots as transmission starting point according to a criterion, synchronize the additional LBT to that point, and start transmission therein upon CCA. If the selected contention slot occurs in symbol #13, transmissions can start with CPE. Conversely, if the selected contention slot occurs in symbol #0, the UE can start transmissions via puncturing the AGC symbol.  
[bookmark: _Ref102088876][bookmark: _Toc102096629][bookmark: b9][bookmark: _Toc111201042]Proposal 25: Introduce UEs starting transmissions in one of a set of contention slots with granularity  around the slot (or mini-slot if supported) boundary. The UE can start transmission with CPE, if the contention slot is located before the boundary, or with AGC symbol puncturing, if the contention slot is located after the boundary. 
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[bookmark: _Ref101547164][bookmark: _Ref110918985]Figure 8: UE accessing the channel after LBT completion at one of a set of contention slot of length  around the slot boundary.
Access with contention slots, if supported, should be considered in resource selection and reservation. For example, two UEs could select the same resources in time and frequency, but with a different contention slot as transmission starting point. If the first transmission is performed, the UE can communicate the reserved contention slot in the reservation in SCI-1.
[bookmark: _Ref110920628][bookmark: _Ref110920620][bookmark: _Toc111201043]Proposal 26: Introduce the additional dimension of contention slot in resource selection and reservation. The contention slot can be selected according to one of the following policies: a) at random, b) L1 priority, c) CAPC, d) according to the transmitted channel/signal, d) a combinations of the aforementioned options.

Resource selection and reservation with soft exclusion
There is a system-level impact of unused reserved resources due to LBT failure. Consider for example a UE1 that successfully selects resources and broadcasts its reservation SCI-1. Such a UE1 can potentially fail to clear the LBT for channel access corresponding to future reserved resources. Other UEs that decode the reservation SCI 1 from UE1 can exclude the said resources according to the exclusion step of resource selection, which can be wasteful, as remarked in Observation 3.
Enhancements to resource selection employing a less restrictive exclusion step could be, in principle, introduced to allow more UEs to select the same resource, and limit the system-wide inefficiency related to LBT uncertainty. In Proposal 26, we advocated for introducing contention slots as a new dimension for selection to separate and preempt transmissions on fully or  partially overlapping time/frequency resources (in terms of slots and subchannels). When a UE1 decodes a reservation in SCI-1 from UE2, if the reservation contains a contention slot or a priority indication, then UE1 may be able to use this information in its resource selection step in the following manner:
· Soft exclusion in PHY: the RSRP in the slot of the detected reservation is tested against the exclusion threshold (which depends on the priority level of the reservation), but if the RSRP is above threshold the resource can still be selected with a later contention slot (described further in the enhanced selection step).
· Soft exclusion report to MAC: instead of a set of candidate resources to be excluded, the report can include the set of excluded resources in the “soft” sense (candidate resources for which the associated RSRP is above threshold, which should not prevent the MAC from select them as in the enhanced selection described below), alongside a supporting information related to the reservation in SCI-1 for which the RSRP was tested.
· The supporting information (see ) related to the reservation can be one of: a) L1 priority, b) CAPC, c) contention slot index. 
· Enhanced resource selection and reservation: the MAC selection step can consider the relation between the priority of the MAC PDU to be transmitted and the soft exclusion report provided by the PHY according to the observed reservations to allow resource selection and reservation with the additional dimension of the contention slot, of time/frequency resources that are potentially overlapped with those reserved by other UEs (see Figure 9). 
[image: ]
[bookmark: _Ref111042690]Figure 9: Resource selection in MAC according with soft exclusion of reserved resources and enhanced selection with contention slot dimension.
[bookmark: _Toc111201044]Proposal 27: Introduce the “soft exclusion” step in resource selection, with associated report from the PHY to the MAC containing the set of excluded resources alongside a supporting information for each exclusion. The excluded resources can still be selected in MAC.
[bookmark: _Toc111201045]Proposal 28: Candidates for the supporting information related to the observed reservations are: a) L1 priority, b) CAPC, c) contention slot index of the reservation that triggered the soft exclusion.
[bookmark: _Toc111201046]Proposal 29: Introduce a modified resource selection and reservation step, where the MAC can use the soft-exclusion report to still select and reserve any of the candidate resources, with the constraint that excluded resources can be selected only with a later contention slot.

Resource pre-emption before and after COT start
Shortly before transmitting ( before transmission start [2] ), a UE re-evaluates the set of selected resources, to check whether its intended transmission is still suitable, taking account of late-arriving reservation SCI-1. If the selected resources are to be excluded (the RSRP associated with the reservation is above threshold), then, instead of triggering resource re-selection, the UE could just change the selection of the contention slot according to the mutual priority between the data to be transmitted and the late-arriving reservation. 
[bookmark: _Ref110930276][bookmark: _Toc111201047]Proposal 30: Introduce contention slot selection adjustment (select a later contention slot) in last-minute evaluation to respect the late-coming reservation for the same TX starting point, in case it has higher-priority, and still potentially transmit if the transmission associated with the reservation is not performed.
It is also possible that a late-coming higher-priority reservation from a UE2 is reserving some resources that would fall within the COT of UE1 if the channel access of UE1 is completed. In that case, UE1 could trigger resource re-selection and target a transmission starting point that is not earlier than the one from the reservation (see Figure 10). In this case, the reservation from UE1 would be honored (UE1 has the chance to complete channel access and occupy the medium) and inter-UE blocking of higher-priority transmissions avoided. We can consider a window controlled by a parameter T from the target TX starting point of UE1 within which UE1 is willing to trigger re-selection based on a reservation from UE2 with transmission start within the window.
Motivations to honor the incoming reservation could be:
· LBT of UE2 would be blocked by UE1’s transmission (inter-UE blocking)
· UE1 and UE2 allocated overlapping resources for their PSSCH (interference)

[bookmark: _Ref110929102][bookmark: _Toc111201048]Proposal 31: Introduce Triggering resource re-selection in the last minute evaluation step if a higher-priority reservation is detected with TX start time within a within a preemption window of size T from the target TX start point the own transmission.
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[bookmark: _Ref111200215]Figure 10: Resource re-selection in last-minute evaluation due to high-priority reservation’ preemption window.
Inter-UE blocking, i.e., the inability for a UE2 to complete channel access if a UE1 is already transmitting (even on non-interfering subchannels) due to LBT BW overlapping, can be contrasted in resource selection. The UE1 behavior can be to exclude from the selection window the slots prior to the indicated TX starting point indicated in UE2’s reservation (see Figure 11). 
[bookmark: _Ref110930529][bookmark: _Toc111201049]Proposal 32: Introduce an exclusion region in the resource selection step so that a UE1’s MAC can exclude slots from selection before the active higher-priority reservation with overlapping LBT BW.
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[bookmark: _Ref111184949]Figure 11: Exclusion region before high priority reservations in resource selection to avoid inter-UE blocking.
In case that re-selection is not an option and UE1 is willing to start transmitting over a COT (for example there is enough margin between UE1’s COT start and UE2’s reservation), UE1 can still consider taking actions to honor higher-priority reservations that falls within the COT. The UE1 could simply stop transmitting (for example T slots before the time indicated in the reservation and for the whole duration of the reservation), or in some cases, share the COT with the reserving UE2. In the COT sharing case, UE2 may or may not be eligible for sharing the COT of UE1. In one case UE1 may signal COT sharing (for example if UE2 is a destination during the COT), then UE2 will determine its eligibility, for example, based on the presence of data for UE1. In another case, UE1 may signal COT sharing to UE2 only if the information that UE2 has data for UE1 is available, which can be obtained for example by adding a destination sub-field in the SCI reservation.
[bookmark: _Ref110930006][bookmark: _Toc111201050]Proposal 33: Introduce UE1 stopping transmissions T slots before the transmission time and for the whole transmission time indicated in a higher priority-reservation sent from UE2.
[bookmark: _Ref110930014][bookmark: _Toc111201051]Proposal 34: Introduce UE1 indicating COT sharing to UE2, based on UE2 being a destination in UE1’s COT, and a transmission time indicated by a reservation from UE2. UE2 can determine if the channel access with COT sharing can be used, based on UE1 being the destination for UE2’s transmission. 
[bookmark: _Toc111201052]Proposal 35: Introduce a destination indication in SCI-1 reservation to facilitate COT sharing towards the reserving UE. 
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Figure 12: Illustration of Proposal 33 and Proposal 34.
The package of enhancements is designed such as a UE with small activity but high priority is protected, and capable of preempting resources in a Rel-16/Rel-17 fashion. Within this package, that provides to UEs the flexibility of competing against each other with LBT and resolve potential conflicts based on priority (thus TDM-ing), there is the possibility for the UEs to rather adopt a non-competitive behavior within the SL-U RAT (thus FDM-ing). In order to boost the FDM behavior some additional designs are required, which are outlined in the following

[bookmark: _Enhancements_for_FDM][bookmark: _Ref110919063]Enhancements for FDM operation
Consider small/medium-activity UEs, that seek to obtain channel access for frequency resources at the granularity of SL subchannels. Under the selection/reservation framework, if we allow different SL transmitters to FDM in different subchannels and start the COT at the same time with some distributed coordination in channel access, the selected/reserved COT resources could be better utilized. To enabling FDM operation, such UEs should strive to synchronize the transmission starting point (potentially via aligning the LBT procedure) and access the channel at the same time thus avoiding inter-UE blocking. Based on the enhancements listed above, some additional enhancements can be considered to favor this behavior. The package includes:
· Reservation-assisted resource selection for transmission start alignment
· Sharing LBT parameters in SCI reservation to align channel access procedure across multiple UEs

The inherent reduced degree of competition of UEs within the SL-U network when FDM operation is adopted, can also improve, in principle, the chances of UEs to obtain a COT in the presence of WiFi, since the UEs act in lock-step thus avoiding inter-UE blocking. On the other side it is possible that some UEs will defer their target transmission starting point to respect and align with a reservation observed from another UE, which can provide extra chances for jumping in to WiFi devices. Granted that the benefits of this approach should be further evaluated, the reduced level of competition across SL-U UEs could be beneficial at least in controlled scenarios (absence of WiFi) where small/medium activity UEs can exploit the flexibility of FDM within a COT provided by legacy resource selection/reservation mechanism that avoid intra-RAT collisions.

Selection alignment
Following the idea behind Proposal 32, the MAC of a UE1 can constrain its selection in time domain to exclude the slots that precede an acquired reservation from a UE2. The difference is that in this case UE1 wants to FDM with UE2, so there is no overlapping of transmission resources. The time alignment of transmissions is imposed to avoid inter-UE blocking, i.e., the blocking of the channel access because a UE starting transmissions early in the same LBT band, even if there is no subchannel overlapping. The UEs should strive to align completely their transmission starting point. 
[bookmark: _Ref111049522][bookmark: _Toc111201053]Proposal 36: Introduce a resource selection enhancement for which a UE1 can select the same slot and contention slot as a transmission starting point of an acquired reservation from another UE2. The exclusion rule for subchannels in the frequency domain will eliminate the candidate frequency resources that partially overlap with those from the reservation of UE2.
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Figure 13: Illustration of Proposal 36.

LBT parameters alignment
Another option to align the channel access of different UEs and their transmission starting points in order to achieve UEs FDM, is to transmit some parameters related to the channel access via SCI reservation. A UE1 can reserve a COT and include in the SCI reservation some parameters like:
· FDRA, TDRA: UE1 transmits the FDRA and TDRA over SCI reservation, other UEs can listen to the reservation and perform selection that excludes the subchannels in the FDRA of UE1 and align transmission starting point (slot/mini-slot and contention slot)
· LBT parameters: start of LBT procedure and latest LBT procedure completion time, or start of LBT window, backoff counter value, and defer duration.
· If a UE2 tries to align the LBT procedure with UE1 and if LBT is not completed at the indicated completion time (or UE2 is not ready to transmit at the synchronized transmission starting point), then UE2 refrains from transmissions in the COT reserved by UE1.
· Zone ID: this parameter can be used to restrict the set of UEs that can attempt using this synchronized channel access procedure
[bookmark: _Ref111048983][bookmark: _Toc111201054]Proposal 37: Introduce a SCI reservation enhanced signaling where UE1 can signal TDRA/FDRA for COT reservation, and LBT parameters including a) LBT start time, b) maximum LBT end time, c) backoff counter value, d) defer duration, in order to synchronize the channel access and transmission starting point and achieve FDM operation across UEs. A zone parameter can be considered to restrict the UEs that can attempt FDM with synchronized LBT.
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Figure 14: Synchronization of channel access for non-overlapping frequency resources.

[bookmark: _Ref111167243]Optimization for contiguous burst
For unlicensed band operation, a SL node may prefer continuous transmission of data burst to avoid losing the COT. If there is a gap  in the middle of the transmission burst, an additional type 1 LBT is required. The Rel’16 SL slot structure contains a gap symbol at symbol #13 if the slot does not have PSFCH, or at symbols #10 and #13 if PSFCH is included in the slot as shown in Figure 15. 
Additionally, for long data burst in eMBB traffic, some optimization in control signaling, DMRS, AGC and gap symbols could be considered to improve the spectral efficiency.
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[bookmark: _Ref111199511]Figure 15: Rel'16 SL slot structure a) without PSFCH, b) with PSFCH

Close the gap between two contiguous slots
The Rel’16 SL slot structure has one symbol gap at the end of the slot for Tx/Rx switching. The transmitter (Txer) may prefer to occupy the gap symbol between two adjacent slots for contiguous transmission. One alternative is to consider using CP extension (CPE) to either fill the entire gap symbol (full AGC symbol repetition) or part of it (but at least long enough to make sure the gap is less than 16us, to keep the contiguous access of the channel).
[bookmark: _Ref101172433][bookmark: _Toc110953164][bookmark: _Toc111201055]Proposal 38: Within the COT transmission, use CP extension (CPE) of the AGC symbol to fill into the gap symbol of the previous slot so that the one symbol transmission gap in between the slots becomes narrower
The gap and AGC symbols between two contiguous slots within the data burst can be used for data transmission to improve the spectral efficiency. Instead of filling the gap symbol with CPE, one can rate match PSSCH to the gap symbol. Considering the AGC is already trained at the beginning of the burst and no other close by transmitter can clear LBT and start transmission in the middle of the burst, the transmitter may also choose to rate match PSSCH to the AGC symbol after the 1st slot of the burst. The same principles can be also applied in the case of multiple contiguous slots.
[bookmark: _Ref101172232][bookmark: _Toc110953165][bookmark: _Toc111201056]Proposal 39: In addition to CPE method, study how to rate match PSSCH into the gap symbol or/and AGC symbol
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Figure 16: Closing the gap in between slots: a) use of CP extension b) PSSCH rate matching

Close the gap before the PSFCH symbol
If the slot contains the PSFCH, there is an additional gap symbol at symbol #10. The PSFCH transmission for Ack/Nak may want to share the same COT with the PSCCH/PSSCH in the same slot and the data burst may want to continue with the same COT after the PSFCH. In this case, we may need to close the gap symbol #10.
For the PSFCH transmission, from the experience of NR-U, the following are possible
· Share another SL transmission COT with Type 2C LBT if gap is no more than 16us
· Share another SL transmission COT with Type 2B LBT if gap is 16us 
· Share another SL transmission COT with Type 2A LBT if gap is longer than or equal to 25us 
· Acquire its own COT with Type 1 LBT
For PSFCH to share another SL transmission’s COT, small gap in symbol #10 could prevent WiFi from jumping in and block the PSFCH transmission. If the COT initiating Txer wants to resume the COT in the following slot after the PSFCH symbol, the gap at symbol #10 needs to be  and CPE is needed to fill the gap at symbol #13. To allow the PSSCH transmitter to control the gap, SCI triggering the PSFCH transmission may be responsible to indicate the channel access type and CP extension duration for PSFCH transmission just as the DCI indicates the channel access type and CPE for the PUCCH in NR-U. 
[bookmark: _Ref101172438][bookmark: _Toc110953166][bookmark: _Toc111201057]Proposal 40: For the gap before PSFCH,  use CP extension to maintain the right length gap to match the channel access type or keep the COT
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Figure 17: Close the gap before the PSFCH: a) 25us gap, b)16us gap, c) no CPE
Close the gap in the PSFCH symbol
For the eMBB case, the Txer schedules TBs in a burst and may not expect Ack/Nak at the beginning of the bursts. However, the PSFCH occasions are common across all links in the network, there could be some un-used PSFCH instances at the beginning of the data burst and could cause COT termination. These PSFCH occasions could potentially be used by other links, but the COT initiating transmitter may or may not transmit/receive PSFCH to/from other SL nodes. If the COT initiator cannot guarantee or assume there is a transmission in the PSFCH occasion with  gap, either from the COT initiating transmitter or other SL nodes, the COT will be terminated and additional LBT overhead would be undesirable. In Figure 18, the COT-initiating UE (UE#0) is transmitting 4 TBs to its receiver. TB #0 and #1 are associated with the 2nd  PSFCH instance and the 1st PSFCH instance is unused by the UE#0 and its Rxers. Then, the 1st COT of UE#0 is terminated at the 1st PSFCH instance and additional LBT or another COT may be required for UE #0 to finish the data burst transmission. 
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[bookmark: _Ref100566697]Figure 18: Unused PSFCH instances causes additional LBT
[bookmark: _Ref101172276][image: ]
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[bookmark: _Ref111200181][bookmark: _Toc111201070]Observation 5:  If there exists an unused PSFCH instance in the middle of data burst, additional type-1 LBT may be required by SL transmitter to continue the remaining transmission
[bookmark: _Ref101172280][bookmark: _Toc111201071][bookmark: _Hlk110150763]Observation 6: If the COT-initiating transmitter could transmit or its receiver could be scheduled to transmit some signals at the unused PSFCH instances, we can reduce the LBT overhead
[bookmark: _Toc111201058]Proposal 41: The COT-initiating transmitter is allowed to send or trigger its receiver to send PSFCH-like padding signals on its own PSFCH resource at unused PSFCH symbols to hold the COT if it is neither expecting to receive A/N’s nor transmitting A/N’s. 
Multi-channel access
In RAN1 #109-e we agreed on the following for multi-channel access:Agreement
Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation

In NR-U two types of multi-channel access procedures are specified for LBE, namely DL and UL procedures. 
The DL procedure is used by the gNB and is characterized by the possibility of accessing a subset of the multiple channels according to the LBT outcome on each of the channels (dubbed as partial access). The gNB, due to its high capabilities, may want to access multiple channels to perform separate transmissions to multiple UEs. Further, the gNB may be even able to perform advanced transmissions to use only a part of the resources (e.g., multiple hypotheses packets, puncturing and rate matching of waveforms, to name a few). Therefore, it does make sense for the gNB to be allowed to access a subset of the multiple channels targeted by the multi-channel access procedure. Within the DL procedure, two types are specified:
· Type A: access each channel with independent Type 1 LBT, and
· Type B: access one of the channels (chosen at random) with Type 1 LBT and access the other with individual short LBT for  immediately before starting the transmission.

The UL procedure is used by the UE and is characterized by accessing all the channels or not transmit at all (dubbed as all-or-nothing access). In fact, the UE is typically required to perform channel access to fulfill a grant, and may not have the capability of transmitting over a subset of the resources indicated by the grant.
In SL-U, we may consider UEs with very different capabilities in different use cases. For example, a low capability UE may only be able to prepare a single PSCCH/PSSCH transmission at any given time and not modify the prepared waveform on the fly upon failing the access on some channels. On the other side, a high capability UE (for example, an anchor UE that serves as a server for multiple clients UEs in a gaming application, or a PLC) can be able to transmit simultaneously to multiple destination UEs, or even be able to prepare multiple hypotheses waveforms to select from depending on the outcome of the multi-channel access. For these reasons, we propose to support both the all-or-nothing and the partial multi-channel access in SL-U.
[bookmark: _Toc110953167][bookmark: _Toc111201059]Proposal 42: Introduce both partial and all-or-nothing multi-channel access in SL-U for UEs with different capabilities.
In Rel-16/Rel-17 NR SL, it is also possible for a UE to have simultaneously active UL-BWP and SL-BWP. Such a UE could be scheduled by the gNB for simultaneous transmissions of PUSCH (out of the configured SL RP) and PSSCH (within the configured SL RP). The UE may be capable of performing such simultaneous transmissions, or otherwise will transmit either PUSCH or PSSCH based on some prioritization rules. Moreover, NR-U and SL-U are to coexist in the same unlicensed carrier (Sub7 GHz). The next step would be to explore the possibility of simultaneous transmissions of PUSCH and PSSCH in the unlicensed spectrum, which can also involve multi-channel access. It is to be noted that this feature would be a multiplexing of NR-U and SL-U transmissions, and it is not prevented by the WID in [1] , which states that gNB controls for mode 1 UE should be transmitted over the licensed spectrum. For example, a gNB could provide both an UL and an SL-U grant over a licensed carrier, for the UE to transmit PUSCH and PSSCH over the unlicensed carrier.
[bookmark: _Toc110953168][bookmark: _Toc111201060]Proposal 43: Study simultaneous UL and SL transmissions over the unlicensed carrier, and multi-channel access mechanisms for simultaneous UL and SL transmissions. 
[image: ]Figure 19: Cases for multi-channel access
Evaluation methodology
At the end of the extended discussion on the evaluation methodology (EVM) in RAN1 #109-e, the draft of the EVM (not agreed) was as follows:
Proposal 1 (XII)
The followings, two evaluation scenarios can be used for evaluating performance of SL-U designs, resource allocation schemes, and coexistence study with another RAT (commercial scenario only) in a shared channel.
· Scenario 1 (commercial use cases) – recommended:
· Evaluation methodology baseline is NR-U from TR 38.889 with the following updates.
· Indoor layout 
· Option 1: a pairs topology for SL-U from R1-2205033 – recommended
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· a = 20m, b = 60m, c = 20m, d = 80 m
· There are two operators to model two RATs at a time. The red one is SL-U UE, the blue one is Wi-Fi or NR-U. (Note, one round of simulations targets SL-U vs. Wi-Fi and another one targets SL-U vs. NR-U)
· For NR-U / Wi-Fi, the same number of UEs / Wi-Fi nodes as the total number of SL-U devices are dropped in the area. The NR-U UE / Wi-Fi nodes are dropped uniformly per gNB/AP per 20 MHz.
· For evaluation of unicast traffic, the topology of SL-U is pair topology and the SL-U UEs are dropped uniformly at random in the area
· For SL-U pairs: 3, 5 or 10 pairs of UEs per 20MHz
· For evaluation of groupcast traffic, SL-U UEs are dropped uniformly at random in the area, SL-UEs form groupcast UE group based on TX-RX UE distancing, the distance is provided by each company. 6, 10 or 20 UEs per 20MHz is assumed.
· For evaluation of broadcast traffic, SL-U UEs are dropped uniformly at random in the area. 6, 10 or 20 UEs per 20MHz is assumed.
· Option 2: SL UE clusters (R1-2203146)
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· Indoor layout and UE dropping model with N = 6 or 12 clusters and each with M=5 UEs
· Each cluster is a circle, with a central point and radius Rmax = 15 or 10m and Rmin = 5 or 1m
· No overlapping among the N clusters
· Channel model follows NR InH Mixed Office model used in NR-U (TR38.889)
· Traffic model 
· Option 1: R17 sidelink commercial traffic model with periodic model 3 with packet size reduced by a factor of (high: 1; mid: 5; low: 8)
· Option 2: FTP model 3 with arrival rate satisfying one of the followings:
· BO Low load: 10%~25%
· BO Mid load: 35%~50%
· BO High load: above 55%
· Option 3: XR cloud gaming model in TR38.838
· It is up to each company to use either Option 1 or 2 or Option 3 or mixed of them
· Interference model: 
· Layout option 1: Explicit modelling of NR-U / WiFi transmissions (as per TR38.889)
· Layout option 2: Same as layout option 1, but optional modelling
· Note, for the interference traffic model: 
· The same or equivalent traffic model setting as SL-U should be used as much as possible to achieve equal load (e.g., SL-U RAT offered load equal the interfering RAT’s offered load). 
· The same number of traffic flows should be used between SL-U and the interfering RAT (e.g., 10 UEs with 10 flows, and 5 STAs with 2 flows each, one for DL and one for UL)
· Performance metric: UPT, latency, and PRR which regards the packet whose delay exceeding the remaining PDB as transmission failure. FFS: UE satisfaction/system capacity as section 7.2 in TR 38.838 for XR traffic evaluation
· Fair coexistence criterion between SL-U and the interfering RAT (e.g., according to NR-U TR38.889)
· Scenario 2 (V2X use cases):
· Evaluation methodology baseline is NR sidelink from TR 37.885.
· Layout: Highway (baseline), urban (optional)
· Channel model follows NR sidelink TR 37.885
· Traffic model baseline is R17 sidelink commercial traffic model
· FFS: how to model NR-U and Wi-Fi hotspot interference (including their traffic and channel models) is not modelled for highway and, at least for, urban it is up to companies how to implement the interference model
· FFS: Performance metric: PRR and PIR (V2X)

Scenario 1 – Option 1
Our view is that eMBB-like use cases for indoor would be at the core of SL-U, therefore our preferred scenario is Scenario 1 – Option 1. We believe that there are a few missing details in that scenario as for example the association rule to establish sidelinks as a part of the dropping technique.
[bookmark: _Toc111201061]Proposal 44: To drop a sidelink pair in Scenario 1 – Option 1, the first UE should be dropped uniformly at random. The second UE is dropped uniformly at random, then the RSRP to the first UE is computed. The second UE is retained if the RSRP is above a threshold, otherwise it is dropped again. The set of RSRP association thresholds {-72, -62, -52} dBm can be considered.
We also believe that scenarios where SL-U network is composed by a set of stars (see Figure 20) is interesting to explore the benefits of more coordination and COT sharing, and would represent important use cases as anchor UE serving client UEs, e.g., for gaming or PLC applications.
[bookmark: _Toc111201062]Proposal 45: Introduce the sildelink star topology as a new Scenario 1 – Option 1b. The dropping technique is derived from the sidelink pairs dropping technique, starting from the center UE, and dropping each other UE to form a pair with the center UE. 
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[bookmark: _Ref111123462]Figure 20: Scenario 1 – Option1b, sidelink star topology.
We propose also to revise the number of SL-U UEs and WiFi stations (STA) per access point, in order to facilitate having the same number of UEs and STAs with an equal number of STAs per AP. Specifically we present the following low density and high density cases. 
[bookmark: _Toc111201063]Proposal 46: We propose to down-select two drop cases for Scenario 1 – Option 1 with SL-U pairs, namely a low density drop, and a high density drop. Assuming 3 APs the following cases can be considered: a) 3 SL-U pairs and 2 STAs per AP, b) 6 SL-U pairs and 4 STAs per AP, c) 9 SL-U pairs and 6 STAs per AP, d) 12 SL-U pairs and 8 STAs per AP.
[bookmark: _Toc111201064]Proposal 47: We propose to down-select two drop cases for Scenario 1 – Option 1 with SL-U stars, namely a low density drop, and a high density drop. Assuming 3 APs and 3 SL-U stars, the following cases can be considered: a) 2 UEs per anchor UE and 2 STAs per AP, b) 4 UEs per anchor UE and 4 STAs per AP, c) 6 UEs per anchor UE and 6 STAs per AP, d) 8 UEs per anchor UE and 8 STAs per AP.
Scenario 2
We believe that commercial (indoor) use cases are the most fundamental for SL-U (at this stage of investigation, at least) and having a V2X scenario in the evaluation methodology is not essential, given also the increase of scope/workload this would introduce. Nevertheless, we appreciate the interest for V2X evaluation scenarios by some of the companies. According to the WID [1] , sensor information (video) sharing between vehicles at high data rate is the motivation for V2X use cases, which is a unicast type of traffic. Therefore, for V2X evaluation scenarios, we propose to evaluate only (high rate) unicast transmissions with UPT as the key performance indicator (KPI). Moreover, we believe that interference modelling cannot be avoided, even in highway scenario, where other-RAT technologies may as well be present, including intra-vehicle devices.
[bookmark: _Toc111201065]Proposal 48: For Scenario 2 (if supported), a) evaluate only unicast transmissions, b) use UPT as the KPI, and c) model other-RAT interference.

Simulation Results 
In this section we present system evaluation results based on Scenario 1 – Option 1 from the EVM drafted in RAN1 #109-e. We display results for the SL-U network in the presence of WiFi interferers with fully asynchronous channel access. Specifically, we display UPT for different loading cases, for FTP3 traffic model. The messages tackled in this sections are the following: 
1. Benefits of channel access at sub-slot granularity (full-slot, half-slot, and 1-symbol granularities for starting transmissions)
2. Benefits from COT sharing (dynamic switch from one end to the other of a sidelink pair within COT based on buffer status)

In each simulation case (per-scenario/algorithm and per-loading point), ten network drops are considered. The performance, is displayed in terms of median UPT of the median UE, which means that for each actual simulation (1 drop) we extract the per-UE median (time domain) UPT, then we collect the CDF of those values across the 10 drops, and we select the median value (median UE across 10 drops) that is plotted for a given loading point.

COT access with sub-slot granularity
In this subsection we compare three different channel-access granularities for Type 1 LBT, namely:
1. Ful-slot access: the allowed transmission starting points for PSCCH/PSSCH are as in Rel-16 NR SL, i.e., at each of the 14-symbols slot boundaries,
2. Half-slot access: the allowed transmission starting points for PSCCH/PSSCH are at each of the 7-symbols (mini)slot boundaries,
· The 7-symbols slot structure is maintained during the COT (no switching to full slot after the COT start)
· This scenario is penalized by additional overhead for control channels compared to simulations adopting the 14-symbols slot format
3. 1-Symbol access: the allowed transmission starting points for PSCCH/PSSCH are at each symbol boundary
· Considered as upper-bound / benchmark
· When countdown part of Type 1 channel access is completed, the UE uses some padding signal to fill the symbols until the next slot boundary, at which full-slot transmissions are performed

Note: Type 1 channel access in SL-U is implemented with the countdown part and the additional LBT at the transmission starting point, whenever the device is not ready to start transmitting after the countdown is completed (i.e., before the slot boundary or before a half-slot boundary in the full-slot and half-slot access cases, respectively). In the 1-symbol access case the UE is assumed to be ready to transmit after the countdown is completed, therefore the additional LBT is not performed.
Note: To maintain fairness between WiFi and SL-U, the offered load of each of the two networks (i.e., the sum across the traffic flows of the network of the flow volume per unit of time), is maintained to be the same (between WiFi and SL-U) at each loading point.
Note: Simulation parameters are provided in Appendix 5.
Figure 21 displays the UPT [Mbps] against per-UE offered-load [Mbps] in the low-density network (see Appendix 5) for the three considered channel-access granularities. Figure 22 displays the same for the high-density network (see Appendix 5). Performance gains are observed in case a finer granularity channel access is adopted. 
We summarized the gains obtained by employing half-slot access (compared to full-slot access) in Table 2, which displays the average over the different offered loads of the per-load gain ().     compared half-slot and full-slot channel access by means of  table, where the average is obtained across the loading points and each gain is obtained by computing the delta (half-slot minus full-slot) and dividing it by the lower (full-slot) value: 

	Average gain across ffered loads (Mbps)
	Sidelink with RSRP > -72 dBm
	Sidelink with RSRP > -62 dBm

	Low Density (Figure 21)
	4.0870
	11.3945

	High Density (Figure 22)
	5.3030
	8.6829


[bookmark: _Ref111193864]Table 2: Average absolute gains [Mbps] across offered loads. Each gain is computed between the UPT of half-slot access and the full-slot access.
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[bookmark: _Ref111093116]Figure 21: Comparison of different channel access granularity in low-density network for the cases of sidelink RSRP association threshold of a) -72 dBm, and b) -62 dBm.
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[bookmark: _Ref111093853]Figure 22: Comparison of different channel access granularity in high-density network for the cases of sidelink RSRP association threshold of a) -72 dBm, and b) -62 dBm.

[bookmark: _Ref111200183][bookmark: _Toc111201072]Observation 7: System evaluations highlighted that introducing multiple transmission starting points (additionally to the legacy 14-symbols slot boundaries) and increasing the channel access granularity of SL-U is beneficial to remain competitive in the presence of asynchronous interferers as WIFi devices. Detailed designs for how to introduce additional transmission starting points are provided in our companion paper on physical layer design [3] .

COT sharing
In this subsection we analyse the cases of enabled COT sharing versus the disabled COT sharing:
1. COT sharing enabled: The model captures the case where once UE1 has depleted its data buffer prior the end of the COT, it can share the remaining part of the COT to its paired UE2. UE2 can transmit to UE1 (reverse direction) in the slot that follows the last transmission from UE1. 
· This case does not assume any special signaling or coordination between the two UEs, beyond a simple one bit flag that signals that there will be no further data transmissions from UE1 during the remaining channel occupancy
· The results should be interpreted as an upper bound, since the Type 2 LBT at the moment of switching transmission direction is omitted at this stage of evaluations. The impact of Type 2 LBT at the sharing should be further evaluated going forward.
2. COT sharing disabled: If UE1 depletes its data buffer prior the end of a COT, it would stop transmissions and abandon the COT early. UE2 has to perform Type 1 LBT to obtain channel access.

Traffic Model (SL-U): The traffic model adopted in this evaluation is designed to display the potential benefits of COT sharing. The SL-U network contains UEs belonging to two different categories. Each pair of UEs contains a UE belonging to the first category and one belonging to the second category. 
· Category 1 UEs: A first category of UEs generates small files of size 5 kB (i.e., when starting a COT with Type 1 LBT due to a file generation, it completes a file transmission in a few slots). This category of UEs offers an opportunity of COT sharing per each generated file. 
· FTP3 model, with file size 5 kB, and per-UE offered load of 8 Mbps (fixed in each figure)
· Category 2 UEs: A second category of UEs generates large files of size 500kB. This category of UEs offer way sparser chances of COT sharing, but is highly likely to have some data in its buffer whenever a UE belonging to the first category obtain a COT. 
· FTP3 model, with file size 500 kB, and per-UE offered load ranging from 8 to 37 Mbps (variable in each figure)
· WiFi: We consider FTP3 model with fixed load, with 8 Mbps offered load in both DL and UL (total 16 Mbps per STA).
Ten drops are considered for each simulation, which means that the network states in terms of UE category and spatial location are randomized across different simulations. That is, the performance can be interpreted as if at different times the network contains some UEs that are generating small-files (and are able to provide help via COT sharing), and some other UEs are generating large-files (and are capable to reap the benefits offered by COT sharing). Thanks to considering multiple drops, the role (belonging to a category) of any given UE of the network is not to be intended as fixed during a hypothetical long-term network operation. In other words, the package of 10 simulations represents (stochastically) the behaviour of a “typical” network containing UE pairs with one UE per category.
Figure 23 displays the UPT of the median UE from Category 1, Category 2, and jointly Category 1 and 2, respectively, as a function of the increasing per-UE offered-load of UEs belonging to Category 2. 
· Subfigure (b): Clear gains from enabling COT sharing can be noted for Category 2 UEs. As expected, for those UEs the chance to jump-in on their paired UE’s COT is high due to both high frequency of remaining channel occupancy time (Category 1 UEs generate very sort files) and high probability of having a non-empty data buffer when the opportunity of jumping-in occurs. 
· Subfigure (a): As expected, gains are not observed for UEs of Category 1, due to the low frequency of COT sharing occasions offered by UEs of Category 2, and low chances that the opportunities meet a non-empty data buffer.
· Subfigure (c): Even considering the SL-U network as a whole (jointly UEs from the two categories), gains can be clearly detected. 
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[bookmark: _Ref111099253]Figure 23: Comparison of COT sharing enabled Vs. disabled in terms of UPT per offered-load of UEs of Category 2 for: a) UEs from Category 1, b) UEs from Category 2, c) UEs from both the categories (jointly).
[bookmark: _Ref111200185][bookmark: _Toc111201073]Observation 8: System evaluations highlighted that COT sharing, even in its simplest incarnation, can be extremely beneficial in SL-U, and should be supported with further designs.
Summary
Observation 1: Based on the periodic PSFCH, and depending on the used numerology and sub-carrier spacing, some PSFCH transmissions can be transmitted with short control signaling over each  time window, according to the table below.
Observation 2: Rel-16 resource selection can experience severe overhead due to multiple re-selection occurring due to multiple LBT failures, which can lead to low throughput.
Observation 3: Rel-16 resource reservation may negatively impact the system throughput due to unused reserved resources due to LBT failure.
Observation 4: Rel-16 resource selection can introduce severe overhead due to re-selection in conjunction with LBT failure and lead to low throughput.
Observation 5:  If there exists an unused PSFCH instance in the middle of data burst, additional type-1 LBT may be required by SL transmitter to continue the remaining transmission
Observation 6: If the COT-initiating transmitter could transmit or its receiver could be scheduled to transmit some signals at the unused PSFCH instances, we can reduce the LBT overhead
Observation 7: System evaluations highlighted that introducing multiple transmission starting points (additionally to the legacy 14-symbols slot boundaries) and increasing the channel access granularity of SL-U is beneficial to remain competitive in the presence of asynchronous interferers as WIFi devices. Detailed designs for how to introduce additional transmission starting points are provided in our companion paper on physical layer design [3] .
Observation 8: System evaluations highlighted that COT sharing, even in its simplest incarnation, can be extremely beneficial in SL-U, and should be supported with further designs.

Proposal 1: For PSCCH/PSSCH transmission, use Type 1 LBT as the baseline channel access, with a CAPC value  based on the priority of the SL-SCH to be transmitted, for all casts. Type 2 LBT can be used in case of COT sharing according to all the applicable restrictions.
Proposal 2: For PSFCH, use Type 1 LBT as the baseline channel access, with CAPC value . Type 2 LBT can be used in case of COT sharing according to all applicable restrictions.
Proposal 3: For PSFCH, allow SCSt with Type 2A LBT based on the numerology, the PSFCH periodicity, and the limitations for SCSt, for each time window of .
Proposal 4: Type 1 LBT is the baseline channel access. If S-SSB multiplexing with data is supported, then CAPC is for LBT procedure is selected according to the multiplexed data.
Proposal 5: S-SSB can be transmitted with COT sharing. In that case Type 2 LBT is the baseline channel access.
Proposal 6: Further study the applicability of temporary OCB and short control signaling clauses for S-SSB transmissions.
Proposal 7: Further study application of DL and/or UL CAPC table
Proposal 8: Multiple mapping functions between either L1 priority of QoS flows and CAPC can be adopted in SL-U. Only one mapping function is configured for a UE at any given time.
Proposal 9: The mapping function between L1 priority and CAPC can be determined with one alternative between: a) on a UE profile, or b) can be configured by the gNB.
Proposal 10: Further study specific mapping function between priorities of QoS flows within LCH and CAPC.
Proposal 11: A responder UE can use COT sharing to send PSFCH and unicast PSSCH to a COT initiator UE.
Proposal 12: A responding UE can use COT sharing to perform transmissions where the initiating UE is one of the recipients, which includes: a) The transmission is unicast data back to initiating UE, b) The transmission is connection based groupcast that includes the initiating node in the group, c) The transmission is connectionless groupcast that includes the initiating node as the receiver node, d) The transmission is broadcast.
Proposal 13: Use SCI-1 or SCI-2 indication to signal that the COT sharing is allowed for eligible UE(s). Eligible UEs can access the COT resources with Type 2 LBT after the end of the transmission that signaled the COT sharing.
Proposal 14: Introduce COT structure information (COT-SI) indication, that can be sent from the initiator via SCI-1 or SCI-2 to indicate the time and frequency resources for the COT.
Proposal 15: The COT sharing indication can be used along the COT-SI to determine shareable/non-shareable time/frequency resources within the COT.
Proposal 16: Introduce UE-to-UE COT sharing with baseline Type 2A LBT when the transmission gap between the initiator and the responder respects . The responder can use Type 2B if the time gap is  , or 2C LBT if  the time gap is .
Proposal 17: The eligible UE(s) for COT sharing can be determined based on one of the following alternatives: a) being a destination of the COT initiator over the current COT, or b) being a destination of the COT initiator of the transmission containing a COT sharing indication.
Proposal 18: Discuss the cases where it is allowed resuming transmissions on the COT initiator’s side over a COT that has been shared to another UE, and study methods for resuming transmissions and their applicability according to regulations.
Proposal 19: A UE can send PSFCH or S-SSB with COT sharing in a configured opportunity based on one of the following alternatives: a) the UE is a destination of the initiator over the COT duration (needs to receive COT-SI), or b) the UE is indicated sharing for the specific transmission opportunity via SCI or, c) the opportunity falls within an ongoing COT (needs to receive COT-SI).
Proposal 20: Introduce an LBT failure report from mode 1 UE to the gNB so that the gNB can provide LBT-aware resource allocation for the mode 1 UE in the form of grants over DCI 3_0. The LBT failure report can be sent to the gNB via: a) MAC-CE over PUSCH or b) PUCCH.
Proposal 21: The LBT failure report over PUCCH can be delivered with one additional bit per PSSCH.
Proposal 22: Study how to introduce LBT failure report for multi-TTI grants for mode 1 operation.
Proposal 23: A UE can select and reserve a set of subchannels for a duration of N2 slots in time where N2>N1 with N1 being the number of TBs to be transmitted.
Proposal 24: Alternatively to the random selection of resources within the selection window, a UE can select a set of resources based on implementation.
Proposal 25: Introduce UEs starting transmissions in one of a set of contention slots with granularity  around the slot (or mini-slot if supported) boundary. The UE can start transmission with CPE, if the contention slot is located before the boundary, or with AGC symbol puncturing, if the contention slot is located after the boundary.
Proposal 26: Introduce the additional dimension of contention slot in resource selection and reservation. The contention slot can be selected according to one of the following policies: a) at random, b) L1 priority, c) CAPC, d) according to the transmitted channel/signal, d) a combinations of the aforementioned options.
Proposal 27: Introduce the “soft exclusion” step in resource selection, with associated report from the PHY to the MAC containing the set of excluded resources alongside a supporting information for each exclusion. The excluded resources can still be selected in MAC.
Proposal 28: Candidates for the supporting information related to the observed reservations are: a) L1 priority, b) CAPC, c) contention slot index of the reservation that triggered the soft exclusion.
Proposal 29: Introduce a modified resource selection and reservation step, where the MAC can use the soft-exclusion report to still select and reserve any of the candidate resources, with the constraint that excluded resources can be selected only with a later contention slot.
Proposal 30: Introduce contention slot selection adjustment (select a later contention slot) in last-minute evaluation to respect the late-coming reservation for the same TX starting point, in case it has higher-priority, and still potentially transmit if the transmission associated with the reservation is not performed.
Proposal 31: Introduce Triggering resource re-selection in the last minute evaluation step if a higher-priority reservation is detected with TX start time within a within a preemption window of size T from the target TX start point the own transmission.
Proposal 32: Introduce an exclusion region in the resource selection step so that a UE1’s MAC can exclude slots from selection before the active higher-priority reservation with overlapping LBT BW.
Proposal 33: Introduce UE1 stopping transmissions T slots before the transmission time and for the whole transmission time indicated in a higher priority-reservation sent from UE2.
Proposal 34: Introduce UE1 indicating COT sharing to UE2, based on UE2 being a destination in UE1’s COT, and a transmission time indicated by a reservation from UE2. UE2 can determine if the channel access with COT sharing can be used, based on UE1 being the destination for UE2’s transmission.
Proposal 35: Introduce a destination indication in SCI-1 reservation to facilitate COT sharing towards the reserving UE.
Proposal 36: Introduce a resource selection enhancement for which a UE1 can select the same slot and contention slot as a transmission starting point of an acquired reservation from another UE2. The exclusion rule for subchannels in the frequency domain will eliminate the candidate frequency resources that partially overlap with those from the reservation of UE2.
Proposal 37: Introduce a SCI reservation enhanced signaling where UE1 can signal TDRA/FDRA for COT reservation, and LBT parameters including a) LBT start time, b) maximum LBT end time, c) backoff counter value, d) defer duration, in order to synchronize the channel access and transmission starting point and achieve FDM operation across UEs. A zone parameter can be considered to restrict the UEs that can attempt FDM with synchronized LBT.
Proposal 38: Within the COT transmission, use CP extension (CPE) of the AGC symbol to fill into the gap symbol of the previous slot so that the one symbol transmission gap in between the slots becomes narrower
Proposal 39: In addition to CPE method, study how to rate match PSSCH into the gap symbol or/and AGC symbol
Proposal 40: For the gap before PSFCH,  use CP extension to maintain the right length gap to match the channel access type or keep the COT
Proposal 41: The COT-initiating transmitter is allowed to send or trigger its receiver to send PSFCH-like padding signals on its own PSFCH resource at unused PSFCH symbols to hold the COT if it is neither expecting to receive A/N’s nor transmitting A/N’s.
Proposal 42: Introduce both partial and all-or-nothing multi-channel access in SL-U for UEs with different capabilities.
Proposal 43: Study simultaneous UL and SL transmissions over the unlicensed carrier, and multi-channel access mechanisms for simultaneous UL and SL transmissions.
Proposal 44: To drop a sidelink pair in Scenario 1 – Option 1, the first UE should be dropped uniformly at random. The second UE is dropped uniformly at random, then the RSRP to the first UE is computed. The second UE is retained if the RSRP is above a threshold, otherwise it is dropped again. The set of RSRP association thresholds {-72, -62, -52} dBm can be considered.
Proposal 45: Introduce the sildelink star topology as a new Scenario 1 – Option 1b. The dropping technique is derived from the sidelink pairs dropping technique, starting from the center UE, and dropping each other UE to form a pair with the center UE.
Proposal 46: We propose to down-select two drop cases for Scenario 1 – Option 1 with SL-U pairs, namely a low density drop, and a high density drop. Assuming 3 APs the following cases can be considered: a) 3 SL-U pairs and 2 STAs per AP, b) 6 SL-U pairs and 4 STAs per AP, c) 9 SL-U pairs and 6 STAs per AP, d) 12 SL-U pairs and 8 STAs per AP.
Proposal 47: We propose to down-select two drop cases for Scenario 1 – Option 1 with SL-U stars, namely a low density drop, and a high density drop. Assuming 3 APs and 3 SL-U stars, the following cases can be considered: a) 2 UEs per anchor UE and 2 STAs per AP, b) 4 UEs per anchor UE and 4 STAs per AP, c) 6 UEs per anchor UE and 6 STAs per AP, d) 8 UEs per anchor UE and 8 STAs per AP.
Proposal 48: For Scenario 2 (if supported), a) evaluate only unicast transmissions, b) use UPT as the KPI, and c) model other-RAT interference.
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[bookmark: _Ref111093250]Appendix: common parameters for System Evaluations
	RAT
	WiFi
	SL-U

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz

	Number of users per operator
	Low Density: 3 STAs per AP
High Density: 6 STAs per AP
	Low Density: 5 UE pairs
High Density: 9 UE pairs

	SCS
	30 KHz

	Channel Model
	NR InH Mixed Office

	gNB/AP Tx Power
	23 dBm
	NA

	NR-U UE/STA
	18 dBm
	18 dBm

	gNB/AP Antenna gain
	0 dBi

	UE/STA Antenna gain
	0 dBi

	gNB/AP Noise Figure
	5 dB
	9 dB

	UE/STA Noise Figure
	9 dB
	9 dB

	Minimum received power from serving node for UE dropping
	-82 dBm (with Max RSRP association)
	{-72, -62} dBm

	UE receiver
	MMSE-IRC as baseline

	AP antenna array configuration
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	Max Rank
	4
	4

	Min CW size
	32

	Max CW size
	32

	Traffic model
	FTP model 3 with variable load

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	AP to AP link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability
	N/A

	Layout
	APs with fixed location and STAs dropped uniformly at random and associated with RSRP thresholding and Max RSRP
	UEs are dropped uniformly at random and associated with RSRP thresholding

	AP height
	3m
	1m

	UE/STA height
	1m

	COT duration
	6 ms

	EDT
	-72 dBm
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Figure 24: Examples of low-density layouts for two sidelink RSRP association thresholds: a) -72dBm, and b) -62 dBm. 
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Figure 25: Examples of high-density layouts for two sidelink RSRP association thresholds: a) -72dBm, and b) -62 dBm. 
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Figure 26: Inter-UE distance distribution for the dropping technique of Proposal 43. 
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