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1 Introduction
During RAN1·95, the following was agreed.
	Agreements:
· Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements
· FFS information extracted from SCI decoding
· FFS sidelink measurements used
· FFS UE behavior and timescale of sensing procedure
· Note: It is up to further discussion whether SFCI is to be used in sensing procedure
· Note: Sensing procedure can be discussed in the context of other modes
· Resource (re)-selection procedure uses results of sensing procedure to determine resource(s) for sidelink transmission
· FFS timescale and conditions for resource selection or re-selection
· FFS resource selection / re-selection details for PSCCH and PSSCH transmissions
· FFS details for PSFCH (e.g. whether resource (re)-selection procedure based on sensing is used or there is a dependency/association b/w PSCCH/PSSCH and PSFCH resource)
· FFS impact of sidelink QoS attributes on resource selection / re-selection procedure
· For Mode-2(a), the following schemes for resource selection are evaluated, including
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission
Agreements:
· Mode-2(b) to be studied as a functionality that can be a part of Mode-2(a)(c)(d) operation, when one UE assists sidelink resource selection for other UE(s)
· Note: Mode-2(b) is not supported/studied as a standalone sidelink resource allocation mode

Agreements:
· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool). 
· For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)
· FFS pattern design in time and frequency for periodic and aperiodic traffic
· If single pattern is configured to transmitting UE there is no sensing procedure executed by UE
· If multiple patterns are configured to transmitting UE there is a possibility of sensing procedure executed by UE
· Pattern is defined as follows
· Size of the resource in time and frequency
· Position(s) of the resource in time and frequency
· Number of resources
· FFS pattern selection procedure by UE
Agreements:
1. For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
0. Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
0. The following options are identified for further study:
0. Scheduling UE is configured by gNB
0. Application layer or pre-configuration selects scheduling UE
0. Receiver UE schedules transmissions of the transmitter UE during the session
0. Scheduling UE is decided by multiple UEs including the one that is finally selected
3. UE may autonomously decide to serve as a scheduling UE (self-nomination) / offer scheduling UE functions
1. Initialization of Mode-2(d) operation is FFS
1. For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
2. Procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs
0. The following options are identified:
0.  Based on sensing procedure by scheduling UE
0.  Configured by gNB if scheduling UE is in-coverage
0.  Pre-configured if scheduling UE is out of coverage
0. Transmitting UE provides information about sidelink resources to scheduling UE
2. FFS behavior/algorithm of scheduling UE 
2. Behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs
2. The following options are identified:
0. Physical layer signaling
0. Higher layer signaling
2. UE behavior to (re)-select scheduling UE(s)
2. UE behavior to associate to scheduling UE(s)
2. UE behavior when scheduling UE stop scheduling
2. Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
2. Relationship between scheduling UE and UE groups from upper layer perspective
7. Whether UEs from the same upper layer group are served by the same scheduling UE
2. Resources used for communication before UE is associated with a scheduling UE
2. Procedures to switch between Mode-2(d) from/to other submodes 



In this contribution, we present our views on Mode-2 resource allocation. Evaluation results are presented in [2].
2	Overview of RA procedures
In this section we discuss different aspects of sub-modes 2a, 2c, and 2d. Discussion of multiple aspects and comparison of the sub-modes is presented in the next section.
2.1	Sub-mode 2a
In RAN1#95, two families of RA procedures for sub-mode 2a were presented: listen-before-talk and reservation-based channel access. In the following two sub-sections, we describe our understanding of each procedure.
2.1.1	Listen-before-talk 
The listen-before-talk (LBT)-based procedures have been extensively discussed during the previous RAN1 meetings (#94, #94bis and #95). 
In the following, we describe the different aspects of LBT-based channel access.
Channel access procedure
Assume a TB arrives at the transmit buffer of a UE at time T = Tarr. Listen-before-talk (LBT) assessment of the channel is performed in the following way:
· If one or more sub-bands in the upcoming slot are sensed idle, then the UE selects one of them at random.
· If all sub-bands in the upcoming slot are sensed busy:
· If the transmission of the TB can tolerate some delay, the UE enters back off for some random time.
· During back-off, the UE continues to monitor the channel.
· Once back-off is completed, the UE repeats the LBT assessment of the channel.
· If the transmission of the TB cannot tolerate further delays (e.g., because the latency budget is exhausted), the UE selects one sub-band at random and starts transmitting.
Sensing procedure
· UEs continuously sense the transmission medium, decoding the SCIs transmitted by other UEs. This information is used to conclude whether the channel is idle or busy in the upcoming slot during LBT assessment of the channel. 
· Only SCIs of UEs close to the receiver are considered for declaring a resource as busy (i.e., only transmitted within distance dsensing).
· Sensing based on measurements alone is not used (e.g., energy sensing). 
Signaling aspects
· A UE is restricted to occupy a single sub-band but may aggregate multiple slots to guarantee that the coding rate for each transmission of a TB is below CRtarget. 
· The first slot in the bundle contains PSCCH (carrying SCI) and PSSCH. The remaining slots carry PSSCH only.
Periodic traffic
· TBs arriving periodically at the TX buffer are served in the same way as independent aperiodic arrivals.
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Figure 1: LBT-based transmission with free sub-bands in (a) and all busy sub-bands with a back-off window in (b).
2.1.2	Reservation-based channel access
In this section, we describe a procedure for channel access in which the transmission of a data packet is preceded by a short reservation message. Reservation messages are transmitted in addition to PSCCH, which carries SCI.
In the following, we describe the different aspects of reservation-based channel access.
Channel access procedure 
Assume a TB arrives at the transmit buffer of a UE at time T = Tarr.
· At T = Tarr:
· The UE selects a resource for transmission of a short-reservation message. The resource is selected at random from the idle resources in the window (Tarr + T1, Tarr + T2). Let T = Tres denote the time of the selected resource.
· In evaluating the state (idle/busy) of the resources in the window, sensing results obtained up to T = Tarr are used. If all resources are busy, then any of them may be selected at random. 
· At T = Tres:
· The UE selects resources for transmission(s) of the TB. The resources are selected at random from the idle resources in the window (Tres + T2, Tres + T3). Let T = Ttx denote the time of the selected resource.
· In evaluating the state (idle/busy) of the resources in the window, sensing results obtained up to T = Tres are used. If all resources are busy, then any of them may be selected at random.
· The UE transmits the short-term reservation message indicating the resource selected for the transmission(s) of the TB.
· At T = Ttx:
· The UE transmits the TB using the resources indicated in the short-term reservation.
T1, T2, and T3 are configurable parameters.
Sensing procedure
· UEs continuously sense the transmission medium, decoding the reservation messages and SCIs transmitted by other UEs. This information is used to conclude whether the channel is idle or busy for both selection windows.
· Only SCIs of UEs close to the receiver are considered for declaring a resource as busy (e.g., only transmitted within distance dsensing).
Signaling aspects
· Short-term reservation messages use a transmission format like that of PSCCH and only carry information about reserved time-frequency resources. Note that the reservation message is not a replacement for PSCCH, meaning that the short-term reservation message does not contain sufficient information to decode PSSCH. Moreover, it is not necessary to decode the reservation message to be able to process PSSCH.
· To transmit a TB, a UE selects enough resources for PSSCH to ensure that the coding rate for each transmission of the TB is below CRtarget. When selecting resources, the UE prioritizes using larger number of sub-channels over aggregating multiple slots. 
· The first slot in the bundle contains PSCCH (carrying SCI) and PSSCH. The remaining slots carry PSSCH only.
· Each SCI is sufficient to decode all simultaneously scheduled transmission of a TB (like in LTE), also allowing for HARQ combining of retransmissions. 
· If a TB is scheduled for multiple blind transmissions, then each SCI schedules all transmissions of that TB (e.g., like in LTE).
Periodic traffic
· When transmitting a TB, the UE has the possibility to transmit in PSCCH a long-term reservation of the resources for a future transmission (e.g., like in LTE).
An example of channel access using this procedure is illustrated in Figure 2. Two users receive TBs in their TX buffer at time T = n. They both select resources in the window [n+T1, n+T2] for transmission of their reservation messages. The first UE (red) transmits its reservation message at time n+T1. This reservation message is decoded by the second UE (blue) before the transmission of its own reservation message at time n+T1+2. In this way, the second UE (blue) can select resources for transmission of the TB as to avoid a collision with the transmission by the first UE (red). 
[image: ]
[bookmark: _Ref534830891]Figure 2. Illustration of resource-based channel access by two UEs (red, blue). Resources in grey are busy, resources in white are idle. The UEs first select a resource in the window [n+T1, n+T2] for transmission of their reservation message. Resources for the actual transmission of the TB belong to a window spanning until n+T3.
Note that for very small payloads or very latency-critical messages, short-term reservation messages may be skipped altogether.
2.2	Sub-mode 2c
Sub-mode 2c has also been considered as a candidate for autonomous resource allocation. However, unlike the other two modes, sub-mode 2c is better suited for operation under network coverage. In this respect, the difference between sub-mode 2c and Mode 1 is blurry.
In the following, we describe the different aspects of sub-mode 2c.
Channel access procedure 
· According to a pattern assigned to each UE at the start of the simulation. 
· The number of transmissions per TB is equivalent to the number of repetitions in the pattern.
Sensing procedure
· No channel sensing is performed.
Signaling aspects
· Each transmission of a TB spans one or multiple slots and one or multiple sub-bands, depending on the pattern. 
· The first slot in the bundle contains PSCCH (carrying SCI) and PSSCH. The remaining slots carry PSSCH only.
· Each SCI is sufficient to decode all simultaneously scheduled transmission of a TB (like in LTE), also allowing for HARQ combining of retransmissions. 
Periodic traffic
· [bookmark: _Hlk534901271]TBs arriving periodically at the TX buffer are served in the same way as independent aperiodic arrivals.
2.3	Sub-mode 2d
Mode 2d is a resource allocation method for which a UE schedules sidelink transmissions of other UEs. In this section we discuss the FFS aspects identified in the previous meeting.
Sub-mode 2d is the only sub-mode particularly tailored to a topology, in this case a cluster topology. Looking at the use cases targeted by the SID and that are relevant for sidelink (vehicles platooning, extended sensors, and advanced driving), it is clear that sub-mode 2d is suitable, at most, for only one of the use cases.
[bookmark: _Toc534993075]Sub-mode 2d is not suitable for many use cases targeted in the SID.
The first aspect to consider is the relationship between sub-mode 2d and other sub-modes. In this respect, we note the following:
· Sub-mode 2d is not a standalone mode as it must rely on either sub-mode 2a or sub-mode 2c for connection establishment.
· Coordination between scheduling UEs over sidelink, if required, must rely on either sub-mode 2a or sub-mode 2c.
[bookmark: _Toc534993076]Sub-mode 2d is not a standalone mode; it relies on either sub-mode 2a or sub-mode 2c.
The procedures for (re-)selecting scheduling UE(s), associating to scheduling UE(s), and behaviour when the scheduling UE stops scheduling are mostly outside RAN1 scope. In our view, RAN2 is the appropriate place to discuss these procedures. The relationship with UE groups form upper layer perspective is also beyond RAN1 scope.
[bookmark: _Toc534993077]The following procedures are outside RAN1 scope: 
· [bookmark: _Toc534993078]UE behavior to (re)-select scheduling UE(s)
· [bookmark: _Toc534993079]UE behavior to associate to scheduling UE(s)
· [bookmark: _Toc534993080]UE behavior when scheduling UE stop scheduling
· [bookmark: _Toc534993081]Relationship between scheduling UE and UE groups from upper layer perspective
From a physical layer point of view, it is worh emphasizing that scheduling UEs have limited capabilities when compared to gNBs. More specifically:
· Scheduling UEs are subject to half-duplex constraints, limiting their ability to serve multiple users.
· Hardware limitations (in number of antennas, TX/RX chains, etc.) limit the performance of scheduling UEs much more than that of gNBs.

[bookmark: _Toc534993082]The ability of scheduling UEs to serve multiple UEs at the same time is severely limited by half-duplex constraints.
When it comes to scheduling algorithm, we believe that it cannot be left up to UE implementation. 
· For unlicensed carriers, there would be no mechanism to ensure proper operation.
· For licensed carriers, UEs are usually beyond the direct control of operators. The only way to ensure appropriate behavior in this case is to specify it.

[bookmark: _Toc534993083]Sub-mode 2d requires that the scheduling algorithms be specified.
[bookmark: _Toc525651923][bookmark: _Toc525722157][bookmark: _Toc525568966][bookmark: _Toc525568991][bookmark: _Toc525569017]3	Discussion and comparison of RA procedures
In this section, we discuss different aspects of resource allocation and compare LBT-based RA, reservation-based RA, and RA using patterns.
In terms of error probability, we observe in [2] that reservation-based resource allocation outperforms the other schemes in terms of PRR for broadcast and unicast communication in both highway and urban deployments:
[bookmark: _Toc534843372][bookmark: _Toc534993084]Reservation-based resource allocation outperforms the other schemes in terms of PRR for broadcast and unicast communication in both highway and urban deployments.
In terms of channel access latency, which is defined as the time between the arrival of a packet at the transmitter buffer and the end of the corresponding transmission, we observe the following:
· For low channel occupancies, LBT allows for instantaneous channel access. However, in medium and high channel occupancies, transmissions are frequently delayed due to back off. 
· Reservation-based RA selects resources from a window. Like in LTE V2X, the values of the windows may be defined as a function of the message priority to ensure fast channel access whenever necessary.
· Channel access latency is decided by design in pattern-based resource allocation. Note that in general it is desirable to use the latency budget do design long patterns with good properties. For this reason, it is necessary to configure a UE with multiple patterns (i.e., patterns with different parameters). However, by doing this some of the advantages of pattern-based RA are lost. For example, short patterns colliding with long patterns may lead to unresolvable half-duplex situations.
[bookmark: _Toc534843373][bookmark: _Toc534993085]All three schemes are comparable in terms of latency guarantees. 
When it comes to suitability of the scheme for different traffic characteristics, we observe the following: 
· LBT relies on long slot aggregations. That is, the longer a transmission scheduled by PSCCH is, the more effective LBT becomes. At the extreme, single-slot transmissions are not protected by LBT at all; only one slot is protected in two-slot transmissions, etc. However, long transmissions negatively impact receiver performance due to half-duplex constraints. We note that in this respect, LBT schemes will not perform well for small payloads.
· Reservation-based RA works in the same way for all traffic types. Short-term reservations are subject to collisions in the same way, regardless of the amount of resources to reserve. Actual data transmissions are equally protected, regardless of the size of the allocation. We note that for very small payloads, the overhead of reservations may not be negligible. As described above, such transmissions may be better served without reservation.
· Pattern-based RA has problems in packets with large variations in message size. Although it is possible to configure multiple patterns per UE to solve this, some of the desirable advantages of patterns are lost.
[bookmark: _Toc534843374][bookmark: _Toc534993086]In terms of traffic characteristics:
· [bookmark: _Toc534843375][bookmark: _Toc534993087]Listen-before-talk relies on long slot aggregations, which is only reasonable for long packets.
· [bookmark: _Toc534843376][bookmark: _Toc534993088]Reservation-based RA is suitable for all packet sizes.
· [bookmark: _Toc534843377][bookmark: _Toc534993089]Multiple patterns with different parameters must be configured per UE in order to serve traffic with varying characteristics. 
When it comes to the use of HARQ retransmissions, we note that all three schemes are compatible with the two HARQ FB options under discussion. In addition, we observe the following:
· LBT can only use dynamically allocated transmissions (i.e., each transmission must be independently allocated). Consequently, cross-scheduling of the TBs (like in LTE Rel-14 SL, where a single SA contains the scheduling information for both retransmissions) is not possible.
· Reservation-based RA for both dynamically allocated transmissions and a behavior like that in LTE Rel-14 SL (i.e., selecting the resources for multiple retransmissions of a TB at the same time and cross-scheduling them).
· Pattern-based RA is particularly suited for cross-scheduling of the TBs.
[bookmark: _Toc534843353][bookmark: _Toc534843378][bookmark: _Toc534872488][bookmark: _Toc534876176][bookmark: _Toc534876937][bookmark: _Toc534901724][bookmark: _Toc534843354][bookmark: _Toc534843379][bookmark: _Toc534872489][bookmark: _Toc534876177][bookmark: _Toc534876938][bookmark: _Toc534901725][bookmark: _Toc534843380][bookmark: _Toc534993090]All three schemes are compatible for HARQ FB operation. In addition, Reservation-based RA and pattern-based RA are suitable for blind retransmissions.
[bookmark: _Toc534843381][bookmark: _Toc534993091]In terms of sensing, we observe the following:
· [bookmark: _Toc534843382][bookmark: _Toc534993092]Both LBT and reservation-based RA are based on decoding control messages (e.g., SCI, reservation messages).
· [bookmark: _Toc534843383][bookmark: _Toc534993093]LBT uses very local information, whereas reservation-based RA maintains a map of busy/idle resources, like the one used in LTE.
[bookmark: _Toc534843384][bookmark: _Toc534993094]We note also that, in our view, energy sensing together with an assumption on periodicity (like CAM in LTE) should be avoided in NR sidelink as it prevents forward compatibility.
[bookmark: _Toc534843385][bookmark: _Toc534993095]In terms of sensing operations, LBT and reservation-based RA are quite similar.
[bookmark: _Toc534843386][bookmark: _Toc534993096]Energy sensing together with an assumption on periodicity is not suitable for NR sidelink.
Based on the evaluation results and the above discussion, it is clear that reservation-based RA is the most suitable candidate for NR sidelink Mode 2.
[bookmark: _Toc534843365][bookmark: _Toc534993100]Reservation-based resource allocation is used for Mode 2.
3.1	Sub-mode 2d
The performance of sub-mode 2d, is evaluated in [2]. The performance of sub-modes 2a is evaluated in [1], [3], and [4]. The performance of sub-mode 2c is evaluated in [1] and [5]. We observe the following:
· For highway scenarios with aperiodic traffic, all the proposals of sub-mode 2a (in [1], [3], [4]) outperform the proposal for sub-mode 2d in [2] in terms of distance with PRR=1 and distance for PRR>0.9. Under the same criteria, the proposal in [1] for sub-mode 2c outperforms sub-mode 2d in [2]
· For highway scenarios with periodic traffic, the proposals of sub-mode 2a in [3] and [5] (neither [1] nor [4] report results for periodic traffic) outperform the proposal for sub-mode 2d in [2] in terms of distance with PRR=1 and distance for PRR>0.9. 
The following reasons explain the degradation of performance of sub-mode 2d:
· Increased half-duplex situations due to the additional transmission of signaling from scheduling UE to scheduled UE.
· Increased system load due to the additional control signaling transmitted between scheduling UEs and scheduled UEs. Such additional transmissions reduced the number of available resources and increase the interference and in-band emission levels.
[bookmark: _Toc534993097]Evaluation results show that sub-mode 2d has worse performance than sub-modes 2a or 2c.
Although not evaluated in any of the contributions, it is interesting to consider the latency performance of sub-mode 2d. This latency is necessarily higher than that of sub-modes 2a or 2c due to:
· Transmission of SR to the scheduling UE.
· Processing time for selection of resources at the scheduling UE.
· Transmission of SCI to the scheduled UE.
[bookmark: _Toc534993098]Sub-mode 2d has higher channel access latency than sub-modes 2a and 2c.
[bookmark: _Toc534993101]Sub-mode 2d is not specified.
6	Spatial resource allocation
In LTE Release 14/15 specifications for mode 4 transmissions a UE selects resources based on its own sensing outcome. Within those specifications only omnidirectional transmissions have been considered and, therefore, the allocations of resource are possible only in frequency and time domains. Spatial resources might be considered available from multiple panels transmitting, for example, within half a space for vehicles equipped with two panels (or quarter a space for four panels, etc.). Considering spatial component for available resources might be useful for significant gains in capacity by allowing more efficient RA and interference management. Note that this additional spatial component of available resources could be included without any significant change in the specifications and could be considered on the top of the procedures described above.
[bookmark: _Toc534843387][bookmark: _Toc534993099][bookmark: _Toc534843388]Spatial RA considering multiple panels may bring significant gains in capacity and may allow to achieve a more efficient interference management.
Conclusion
In the previous sections we made the following observations:

Observation 1	Sub-mode 2d is not suitable for many use cases targeted in the SID.
Observation 2	Sub-mode 2d is not a standalone mode; it relies on either sub-mode 2a or sub-mode 2c.
Observation 3	The following procedures are outside RAN1 scope:
	UE behavior to (re)-select scheduling UE(s)
	UE behavior to associate to scheduling UE(s)
	UE behavior when scheduling UE stop scheduling
	Relationship between scheduling UE and UE groups from upper layer perspective
Observation 4	The ability of scheduling UEs to serve multiple UEs at the same time is severely limited by half-duplex constraints.
Observation 5	Sub-mode 2d requires that the scheduling algorithms be specified.
Observation 6	Reservation-based resource allocation outperforms the other schemes in terms of PRR for broadcast and unicast communication in both highway and urban deployments.
Observation 7	All three schemes are comparable in terms of latency guarantees.
Observation 8	In terms of traffic characteristics:
	Listen-before-talk relies on long slot aggregations, which is only reasonable for long packets.
	Reservation-based RA is suitable for all packet sizes.
	Multiple patterns with different parameters must be configured per UE in order to serve traffic with varying characteristics.
Observation 9	All three schemes are compatible for HARQ FB operation. In addition, Reservation-based RA and pattern-based RA are suitable for blind retransmissions.
In terms of sensing, we observe the following:
	Both LBT and reservation-based RA are based on decoding control messages (e.g., SCI, reservation messages).
	LBT uses very local information, whereas reservation-based RA maintains a map of busy/idle resources, like the one used in LTE.
We note also that, in our view, energy sensing together with an assumption on periodicity (like CAM in LTE) should be avoided in NR sidelink as it prevents forward compatibility.
Observation 10	In terms of sensing operations, LBT and reservation-based RA are quite similar.
Observation 11	Energy sensing together with an assumption on periodicity is not suitable for NR sidelink.
Observation 12	Evaluation results show that sub-mode 2d has worse performance than sub-modes 2a or 2c.
Observation 13	Sub-mode 2d has higher channel access latency than sub-modes 2a and 2c.
Observation 14	Spatial RA considering multiple panels may bring significant gains in capacity and may allow to achieve a more efficient interference management.
Based on the discussion in the previous sections, we propose the following:
Proposal 1	Reservation-based resource allocation is used for Mode 2.
Proposal 2	Sub-mode 2d is not specified.
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