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1 Introduction
At the RAN#83 meeting, the work item on NR V2X was approved [1] with one of the following objectives. 
	NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
· Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]
· Resource allocation [RAN1, RAN2]
· Mode 1
· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome
· Mode 2
· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome


In this contribution, we continue discussion on main aspects of Mode-2 sidelink resource allocation for NR V2X communication. Major principles of NR-V2X sidelink resource allocation are provided aiming to optimally support scenarios with quasi-periodic traffic, aperiodic traffic and their combination taking into accounts RAN1 agreements (please refer to Annex A). Our views on other NR V2X design aspects are summarized in our companion contributions [2]-[8].
2 Mode-2 Sensing and Resource Selection
In Mode-2, UE is expected to decode sidelink control (PSCCH), conduct sidelink measurements to identify occupied resources as well as priority of ongoing transmissions from other UEs. For resource selection, UE utilizes sensing results and information on its own priority of transmission. In the next sub-sections, we continue discussion on design of resources allocation mode-2 and address FFS aspects in more details.
2.1 Remaining Details of Resource Reservation Mechanism
Resource reservation mechanism was finally agreed for blind and feedback based retransmissions. When single TB is transmitted using more than one slot/TTI, the first transmission is expected to indicate the repetition resources to be avoided by other UEs.
Amount of Repetition Resources Reserved by Single Transmission
RAN1 has agreed that single SCI can indicate up to Nmax = 3 sidelink resources when reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled.
There are two remaining FFS points in this agreement – flexibility of signaling and size of a window W (that we call scheduling window). In LTE the window W = 16 subframes. For NR system, this window can be extended to 32 slots considering that NR supports a set of various numerologies. In our view, this window size is reasonable to avoid any constraints in terms resource allocation.

Proposal 1: 
· SCI can allocate Nmax sidelink resources over a window of W logical slots (i.e. slots of a resource pool allocated for PSCCH/PSSCH transmissions)
· For the case when the same number of sub-channels is used for initial transmission and retransmission of a given TB, NR V2X supports full flexibility in terms of resource allocation within window W
· Down-select window size W from the following set of values [16, 32] or [20, 40] slots

Another scenario, when reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled. In our view, this scenario should be supported only for semi-persistent processes and utilize LTE principles of resource selection as much as possible. This conclusion is also supported by our evaluation results provided in Figure 1, from which gains for periodic transmissions grows with the increased resource reselection counter.
Among agreed options, we prefer Option 1-a with a removed constraint on period > W. In our view, the period may be also less than W. Therefore, we have following proposal.

Proposal 2: 
· Adopt modified Option 1-a, where a period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods
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[bookmark: _Ref23955731]Figure 1: Impact of resource reselection counter on PRR performance

Maximum Number of Retransmissions per HARQ process
At the RAN1#98bis, the RAN1 WG reached the following agreement for the maximum number of retransmissions per HARQ process:
The actual number of (re)-transmissions M (i.e. intended number of transmission for a given TB) to be used for a given TB is determined by TX-UE and is subject to (pre)-configuration constraints N. The TX-UE can request HARQ feedback for given HARQ process at any SCI scheduling given TB. Further details of this mechanism are described in our companion contribution [6].

Proposal 3: 
· For a given HARQ process (a given TB), TX-UE can request HARQ feedback at any/arbitrary SCI scheduling a given TB subject to out-of-order HARQ constraints

Minimum Number of Retransmissions per HARQ process
For groupcast communication Option 1 there is a high probability that one part of the UEs may miss initial transmission due to half-duplex and rest of the UEs may successfully receive it, as a result there is no any response to the TX UE. The TX UE then may consider such transmission as successful since no NACK received. In order to reduce this problem for groupcast Option 1, the minimum number of (re-)transmissions per TB should be configured to a UE. The analysis of the benefit to preconfigure minimum number of retransmissions for a given TB for groupcast communication Option 1 is shown in Figure 2.
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[bookmark: _Ref21360186]Figure 2: Performance of Groupcast Option 1 with minimum number of retransmissions w/o NACK response

Proposal 4: 
· Support (pre-)configuration of minimum number NMIN of (re-)transmissions for groupcast communication operating with NACK only feedback (NMIN ≥ 2)

Prolongation of HARQ Process / Resource Reservation
Number of resources indicated by single SCI is limited by configurable parameter NMAX = {2, 3} to keep manageable control signaling overhead. A UE should be able to indicate additional resources reserved for transmission of a given TB (i.e. extend resource reservation process beyond NMAX). Extra resources may be needed for feedback based communication due to NACK or due to large packet when NMAX repetition resources are not sufficient from reliability perspective or to extend periodic resource reservation due to packet variation. In order to address these scenarios, we propose the following resource allocation principles enabled by SCI signaling. Each TB of a given HARQ process can be transmitted  times, where  is determined by TX UE implementation and can exceed configured value of .

Proposal 5: 
· Each SCI transmission can point to resources, where  is determined by TX UE for each HARQ process or for each SCI transmission
· here,  denotes PSCCH/PSSCH resources allocated in the past,  indicates PSCCH/PSSCH resources reserved/scheduled in the future , 
· SCI indicates offset to NP resources in the past and NF resources in future relative to the slot used for SCI transmission
· N resources indicated by SCI are signalled in scheduling window 
· When , HARQ process for a given TB is considered completed

The figures below illustrate described above principles of sidelink resource allocation through SCI signaling providing illustrations for two cases without and with HARQ process prolongation.


Figure 3: Example of sidelink resource allocation for HARQ process with  
(i.e. without HARQ process prolongation)



Figure 4: Examples of sidelink resource allocation for HARQ process with 
(i.e. with HARQ process prolongation)

Support of Periodic Traffic (Semi-Persistent Processes)
In this section we continue discussion on periodic traffic. We would like to emphasize that “reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB” is applicable only for periodic traffic (i.e. semi-persistent processes). 
For periodic traffic (UE semi-persistent sidelink processes), we assume that LTE mechanism of sensing and resource selection can be reused except SL-RSSI averaging over sensing window. An enhancement applied to NR-V2X resource selection procedure can be applied on top. Therefore, UE selecting resource can assume that TX UE reserved infinite number of periodic resources for transmission of different TBs.

Proposal 6: 
· In case of semi-persistent transmissions, resource reselection is triggered based on predefined counter conditions (e.g. after transmission of a predefined number of TBs) or based on timer conditions (e.g. once certain amount of time since last reselection is expired)
· Number of remaining semi-persistent transmissions for a given semi-persistent process is not indicated by TX UE
· UE performing resource reselection assumes that TX UE has reserved infinite number of periodic sidelink resources for a given semi-persistent process

2.2 Sensing Procedure
Information Extracted from SCI Decoding
Considering support of unicast and groupcast communication, sensing may be also used to extract information on destination IDs. The destination IDs can be used to avoid/minimize transmissions on resources that are used by group members and addressed towards UE performing resource selection. Therefore at least information on destination ID should be extracted during SCI decoding procedure for sensing and resource selection.
In addition, due to necessity of SL-RSRP measurements over PSSCH DMRS and consideration that PSSCH DMRS pattern can be signaled in SCI UE may need additional information on PSSCH DMRS patterns for sensing procedure. Based on discussion, we have following proposals:

Proposal 7: 
· PSCCH/SCI decoding in sensing procedure is used to additionally extract information on
· Destination IDs
· UE may further determine and exclude sidelink resources used and reserved by UEs for transmission toward UE reselecting resources 
· PSSCH DMRS pattern information for SL-RSRP measurements, if PSSCH DMRS is agreed for SL-RSRP

Sidelink Measurements
During the study item phase on NR V2X, the L1 SL-RSRP based on sidelink DMRS was agreed. The following aspects are still open:
1) Which sidelink physical channel is used for L1 SL-RSRP measurements?
2) Whether/which measurement is used if the corresponding SCI is not decoded, e.g. SL-RSRP after blind DMRS detection, SL-RSSI?
With respect to the sidelink physical channel used for L1 SL-RSRP measurements, we believe that at least PSSCH should be used for L1 SL-RSRP. When UE reserves resources for retransmissions or semi-persistent resources for subsequent retransmissions, this measurement can be used in resource selection to decide whether these resources are excluded from candidate resource set. The L1 SL-RSRP measurement over PSCCH can be used if standalone PSCCH transmission is supported (e.g. for resource reservation, and/or preemption, etc.). However, our recent analysis for the case when standalone channel is used for resource reservation (assuming UEs with equal priorities), has shown that there is no benefit in standalone PSCCH transmission for this scenario and therefore L1 SL-RSRP measurement over PSSCH is sufficient.
Support of SL-RSSI measurement is also useful. For instance, if transmission from UE-1 was decoded on sub-channel #1 and UE-1 reserve resources for (re)-transmission in future slots, then considering IBE impact it is desirable to know the level of RX signal power on other sub-channels if there is no other UEs detected. From that perspective SL-RSSI can be used as a secondary metric if there is no SL-RSRP measurement available on candidate resource for transmission. However in terms of sensing and resource selection such behavior can be enabled by UE implementation if it does not violate specified sensing and resource selection procedure. From that perspective, we do not see motivation to define SL-RSSI measurement for the purpose of sensing and resource selection. On the other hand, SL-RSSI measurement can be introduced for the purpose of congestion control.

Proposal 8: 
· L1 SL-RSRP is defined over DMRS of PSSCH
· L1 SL-RSRP measurement over PSSCH is used to determine sidelink resources for exclusion (or identify candidate resources)


2.3 Resource Exclusion Procedure
Resource Exclusion Principles (Formation of Candidate Resources)
For resource exclusion procedure, we propose to reuse principles of LTE-V2X design with several modifications.
UE processes sensing window in the past to exclude (or identify candidate) resources in future resource selection window
Exclusion of resources is controlled based on SCI decoding and resource reservation information pointing to resource selection window 
Resource exclusion is based on RSRP measurement and comparison with RSRP threshold
UE forms candidate resource set which size includes at least  candidate resources or more

Handling of Unicast and Groupcast Transmissions
Considering that for NR-V2X communication, all types of sidelink communication (unicast, groupcast and broadcast) may share the same resources, the sensing and resource selection procedure may need to separately handle transmissions from unicast and groupcast group members comparing to transmissions from other groups and somewhat prioritize reception of transmission from group members by reducing half-duplex issues.

Proposal 9: 
· Resources reserved for transmission addressed to the UE performing resource reselection are separately handled
· Dedicated RSRP thresholds are configured to exclude resources (slots) used for transmission by group members in case of groupcast and unicast communication

2.4 Resource Selection Procedure
Sensing, Resource Selection and Scheduling Windows
RAN1 made the following agreement with respect to sensing and resource selection window (see also example illustration in Figure 5).
	Agreement (Outcome of e-mail discussion [98bis-NR-16])
· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· The resource selection window starts at time instance (n + T1), T1 ≥ 0 and ends at time instance (n + T2) 
· The start of selection window T1 is up to UE implementation subject to T1 ≤ Tproc,1
· T2 is up to UE implementation with the following details as a (working assumption):
(i) T2 ≥ T2min
(ii) If T2min > Remaining PDB, then T2min is modified to be equal to Remaining PDB
(iii) FFS other details of T2min including whether the minimum window duration T2min - T1 is a function of priority
· UE selection of T2 shall fulfil the latency requirement, i.e. T2 ≤ Remaining PDB
· A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· T0 is (pre-)configured, T0 > Tproc,0 FFS further details
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum 
· FFS relation of T3, Tproc,0, Tproc,1 
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1


In our view, the T2min should be a function of sidelink priority indicated in SCI and should be a configured parameter. RAN1 also need to discuss the maximum value of T2min. Given that T2min determines bounds of resource selection window at least one of the T2min values should be aligned with W size. On the other hand the T2min can be smaller or larger than W. The case that T2min < W is already agreed as a working assumption: “If T2min > Remaining PDB, then T2min is modified to be equal to Remaining PDB” The upper bound for T2min is determined by “T2min ≤ T2 ≤ Remaining PDB”. Therefore the actual value of T2min in any time instance is T2min = min (Remaining PDB, configured T2min value).



[bookmark: _Ref24056455]Figure 5: Illustration of sensing and resource selection windows
Regarding the raised FFS aspects, we have the following proposals:

Proposal 10: 
T2min is (pre-)configured per each sidelink priority value indicated in SCI from the following set of values: 5, 10, 20 · 2µ-1 slots, where µ = 1,2,3,4 for 15, 30, 60, 120 kHz SCS respectively


RAN1 WG also made the following agreement
	Agreement (Outcome of e-mail discussion [98bis-NR-16])
A UE is expected to select resources for all intended (re-)transmissions within the PDB, i.e. the number of intended (re-)transmissions is an input to the resource (re-)selection procedure


This agreement aims to ensure that UE can select MTARGET resources for all intended (re)-transmissions of a TB within a PDB. The open question is how and whether resource selection procedure should ensure that UE can select MTARGET resources within PDB.

Before we discuss the above aspect we would like to agree on additional Mode-2 design principles formulated in the following proposals:

Proposal 11: 
· Sidelink resource(s) reserved by SCI transmission at time instance “m” is a subset of candidate resources identified at time instance (m - T3)

Principle of chain-based reservation may be ensured by restricting the maximum time gap between the first and the last Nmax contiguous resources being selected to be within W.

Proposal 12: 
· For a given resource selection process within slots of resource pool, where t(kp), t(kp+1), t(kp+2) are slots selected for potential PSCCH/PSSCH sidelink transmission, the distance in logical slots between t(kp+N-1) - t(kp) < W,
· where N = 2 or N = 3 ≤ Nmax, kp index of selected sidelink resource within resource pool, t(kp) logical index of sidelink resource in resource pool

Proposal 13: 
The sensing window duration is controlled by configurable parameter T0
The value of T0 can be selected from the following range W ≤ T0 ≤ TSPS_MAX_PERIOD
· TMAX_SPS_PERIOD is the maximum value of SPS periods supported by system configuration 
· Configured value T0 puts constraint on the maximum SPS period (PSPS) of semi-persisted process indicated in SCI, i.e. PSPS ≤ T0

Proposal 14: 
For a resource reservation signalled in SCI at slot ‘m’, the following timing relationship can be defined with resource selection window [n+T1, n+T2]
· Alt. 1: n = m-T3–T1, where T3 is defined in slot units

Proposal 15: 
For a resource reservation signalled in SCI at slot ‘m’, UE selects M sidelink resources in resource selection window [n+T1, n+T2], where
· Alt.1. M is determined by UE implementation, M ≤ MTARGET
· Alt.2. M = MTARGET – MTX
· MTARGET – intended number of transmissions determined for a given TB
· MTX – number of accomplished transmissions of a given TB including transmission at slot ‘m’
For a resource reservation signalled in SCI at slot ‘m’, UE indicates reservation of N earliest in time resources out of M selected sidelink resources, where N ≤ M, 
· N is determined by UE implementation subject to Nmax configuration constraints


Proposal 16: 
Once initial resource reselection is triggered at time slot n,
· Step-0. Initialize  as an empty set of resources for potential sidelink transmission
· Step-1. Generate set of candidate resource CS(n)
· UE forms a set of candidate resources for sidelink transmission – CS(n) based on processing of sensing window [n-T0, n – Tproc,0) for the corresponding resource selection window [n+T1, n+T2]
· Step-2. Select resources R(n) for potential transmission at slots t(n) from CS(n)
· UE selects M resources R(n) = {R0(n),…, RM-1(n)} from CS(n) for potential sidelink transmission in slots t(n) = {t0(n),…, tM-1(n)}, ordered in time, where (n+T1) ≤ t0(n) and t(M-1)(n) ≤ (n+T2)
· Step-3. Re-evaluation of selected candidate resources
· UE finds  intersection of CS(n) and R(n-Δ), i.e. .
· UE finds  union of intersection  and R(n):

· For the time slot n, UE selects and store M resources for potential transmission from , i.e. R(n) = {R0(n),…, RM-1(n)} for transmission at slots t(n) = {t0(n),…, tM-1(n)}
· The previously selected resources  can be released (flashed out)
· Step-4.
· If (t0(n) = (n+T1))
· UE transmits SCI at slot (n+T1) and indicates reserved resources R1(n) at slot t1(n) (or R1(n) and R2(n) at slots t1(n) and t2(n) respectively)
· If UE needs to reserve additional sidelink resources, UE advances n by Δ towards slot t1(n)-T3 or to t2(n)-T3 and goes to Step-1
· The next set of reserved resources is selected by UE at time instance R1(n)-T3 or R2(n)-T3
· UE indicates reservation of additional sidelink resources during SCI transmission in R1(n) and R2(n) at time slots t1(n) and t2(n)
· If (t0(n) > (n+T1))
· UE advances n by , i.e. n = n+ and goes to Step-1

Resource (Re)-Selection Triggers
The following events may trigger sidelink resource (re-)selection for NR V2X communication:
UE determines that a new packet is arrived and there is no sidelink resources reserved for its transmission
UE determines that new packet is arrived and cannot be transmitted in reserved resources (e.g. lack of reserved sidelink resources, the target QoS level is not guaranteed)
UE determines that resource reservation is expired (based on timer or counter of transmitted TBs) and new packet is arrived
· It is applicable to semi-persistent transmission scheme
UE determines that resource which is used for actual transmission (i.e. after transmission announcement in PSCCH by means of scheduling assignment or reservation signaling) was preempted by other UE transmission and new resource selection condition is met.
· Resource selection condition in case of preemption is to be defined.
UE determines that it needs to reserve additional sidelink resources for transmission of a given TB in a given HARQ process (sidelink resource selection process) and indicate reservation in subsequent SCI signaling

Proposal 17: 
· Define at least the following resource (re)-selection triggers:
· UE determines that a new packet is arrived and there is no sidelink resources reserved for its transmission
· UE determines that new packet is arrived and cannot be transmitted in reserved resources (e.g. lack of reserved sidelink resources, the target QoS level is not guaranteed)
· UE determines that resource reservation is expired (based on timer or counter of transmitted TBs) and new packet is arrived
· It is applicable to semi-persistent transmission scheme
· UE determines that it needs to reserve additional sidelink resources for transmission of a given TB in a given HARQ process(sidelink resource selection process) and indicate reservation in subsequent SCI signaling

Selection of M Resources Out of Candidate Resources
For selection of M resources at time slot n out of the set of candidate resources of CS(n) of size , the following procedure can be used:
UE prioritizes selection of at least one earliest in time candidate resource among  earliest in time resources () in order to announce its scheduling decision by PSCCH as soon as possible. 
Remaining resources are selected randomly subject to conditions

Proposal 18: 
· When resource (re)-selection is triggered at time instance , UE determines number M of sidelink resources to be selected out of the set of candidate resources CS(n) of size 
· UE prioritizes selection of at least one earliest in time candidate resource among  earliest in time resources (), where  is configured per priority 
· FFS if  is configured per CBR
· Remaining (M-1) resources are randomly selected from CS(n) subject to signalling(scheduling) window - W constraints

Support of Feedback Based Transmissions
HARQ round trip time aware procedure resource selection procedure
When feedback for HARQ retransmission is requested, it may have the following implications on resource selection that need to be further discussed:
How many resources UE can reserve for (re)-transmission of a given TB?
· In our view, UE may decide to indicate / reserve up to maximum number of resources even for feedback based retransmission. 
Whether UE is expected to prolong/indicate new resource reservation, if NACK is received and all reserved resources are spent?
· In our view, UE should be able to prolong resource reservation if NACK is received and packet delay budget is available.
Whether feedback is expected to be sent for each (re)-transmission of a given TB? If it is so whether UE is expected to select resource for in each PSFCH transmission period and or taking into account PSSCH-to-PSFCH gap and PSFCH-to-PSSCH gap?
Whether reserved resources for (re)-transmissions should be allocated in a way to allow feedback for each (re)-transmission resource (i.e. taking into account PSCCH/PSSCH to PSFCH processing delay as well as PSFCH to PSCCH/PSSCH processing delays)?
Unified mechanism of resource selection is desirable for blind and feedback based retransmissions. The resource selection for feedback based modes may be implemented using two options:
Option 1. Resource selection design is reused for feedback based modes. In this case, the timing relationship between PSCCH/PSSCH transmission and PSFCH response as well as receiver assumptions on HARQ combining to generate feedback need to be defined. In this scenario, it may happen that several blind PSCCH/PSSCH transmissions occurs before actual feedback from the receiver.
Option 2. Resource selection design is modified for feedback based modes. In this case, resource selection ensures that resources are selected in a way that there is an opportunity to send feedback for each PSCCH/PSSCH transmission of a given TB. This approach nee d to make sure that there is a minimum time gap is preserved between all resources selected by transmitter. In order to accommodate this, the random selection from candidate resource set need to be modified. The simple way to do it is as follows:
· Step 0 – Generate candidate resource set and select the first resource from candidate resource set using the default resource selection procedure
· Step 1 – Update candidate resource set by excluding resources within time interval THARQ from the previously selected resource, where THARQ is determined by HARQ round trip time including PSFCH processing delay
· Step 2 – Select next resource from the updated candidate resource set using the default resource selection procedure
· Step 3 – If additional resource needs to be selected at a later time instance continue sensing till this time instance and go to Step1
The two options are further compared by simulation in Figure 6. Here, in unicast environment, when PSFCH periodicity is set to N = 2, in one option a time gap is ensured between selected TTIs in order to send PSFCH, and in another option the selection does not ensure a time gap between TTIs. As it can be seen, there are gains in waiting for PSFCH feedbacks for every TTIs due to more efficient resource utilization.
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[bookmark: _Ref16876781]Figure 6: Comparison of HARQ round trip time aware and unaware resource selection procedures

Based on analysis and results, it is proposed to introduce HARQ RTT aware resource selection procedures.

Proposal 19: 
For feedback based transmission, support HARQ round trip time aware resource selection procedure
· When UE disables sidelink feedback, it automatically switches to resource (re)-selection procedure developed for blind retransmissions

Relationship b/w Tproc,0, Tproc,1, T3 and other Timing Parameters 
RAN1 agreed to temporally define parameters T3, Tproc,0, Tproc,1 and further study whether all of them needed. Below we provide our understanding and definition of these parameters:
Tproc,0 – time required to complete SCIs decoding and possibly perform RSRP measurements on DMRS for the sensing procedure.
Tproc,1 – time required to identify candidate resources and select subset of resources for potential sidelink transmission
T3 – maximum time needed to complete sensing and resource selection procedure
One of the open questions is whether these parameters are defined in slot units or in absolute time units like us. RAN1 already agreed that time instances n, T0, T1, T2, T2min are measured in slots. 
In our view, the time instance when UE receives trigger for resource re-selection and re-evaluation is a fully UE internal procedure and can be known only by UE. The timing of trigger with respect to current slot start and end boundaries cannot and should not be standardized which is the reason why n is measured in slots. The value of Tproc,0 can be derived but this value itself does not provide much value since in order to select resource the value of Tproc,1 is needed any way therefore only the sum of Tproc,0 and Tproc,1 matters. Considering that 0 ≤ T1 ≤ Tproc,1, we believe that Tproc,0 can be set to 0 and therefore sensing window redefined from [n – T0, n – Tproc,0) to [n – T0, n – 1], then T3 is set to Tproc,1 and TProc,1 is defined in slots.

The same conclusion can be drawn from analysis of the Figure 7:


[bookmark: _Ref24116939]Figure 7: Timing relationship T3, Tproc,0 and Tproc,1

Proposal 20: 
Define the following relationship between T3, Tproc,0 and Tproc,1:
· Set Tproc,0 to 0 (Tproc,0 = 0)
· Redefine sensing window [n – T0, n – Tproc,0) to [n – T0, n – 1]
· T3 and Tproc,1 are measured in slots
· Set T3 to Tproc,1 i.e. T3 = Tproc,1 and therefore T3 is not standardized

2.5 Handling of Periodic and Aperiodic Traffic
Handling Packet Size and QoS Variation in Semi-persistent Processes
Traditional semi-persistent processes with fixed resource allocation cannot optimally handle variation in packet sizes and QoS given that amount of semi-persistently reserved resources does not change across transmission periods. However this drawback can be addressed if UE is allowed to dynamically reserve extra resources on top of semi-persistently reserved resources.
For instance, UE may trigger semi-persistent process and semi-statically reserve two resources. For each periodic time instance, UE can extend semi-statically allocated resources and link to them extra dynamic resources to better handle variation in packet size in a given period.



Figure 8: Dynamic extension/prolongation of semi-persistent processes

Proposal 21: 
· NR-V2X supports dynamic prolongation of semi-persistent processes
· Semi-persistent process semi-statically allocates NSPS resources valid for each transmission period NSPS ≤ Nmax
· Semi-persistent process supports allocation of extra ND dynamic resources for each transmission period, where ND is dynamically determined by UE




2.6 Sidelink Resource Reservation / Pre-emption
At the previous meeting, the support of preemption mechanism was agreed.
	· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold
· Only the overlapped resource(s) is/are reselected
· FFS
· the timeline for reselection
· other details
· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)
· This mechanism can be enabled or disabled, per resource pool
· FFS details



In order to support preemption mechanism, the easiest and most general way is to configure preemption bit for each combination of pi and pj , where pi - priority indication associated with the resource indicated in SCI by other UEs and pj - priority of the transmission in the UE selecting resources similar to the agreed mechanism of RSRP threshold configuration (see below).
	· In Step 1, initial L1 SL-RSRP threshold for each combination of pi and pj is (pre-)configured, where pi - priority indication associated with the resource indicated in SCI and pj - priority of the transmission in the UE selecting resources


In addition, bit indicating support of preemption (i.e. enabled/disabled) in each sidelink resource pool can be configured.

Proposal 22: 
Preemption flag is configured for each combination of pi and pj , where pi - priority indication associated with the resource indicated in SCI by other UEs and pj - priority of the transmission in the UE selecting resources (similar to the agreed mechanism of RSRP threshold configuration)
Preemption support indicator is configured per resource pool
If preemption is disabled by preemption support indicator, all preemption bits configured for each combination of pi and pj are ignored

It was agreed by RAN1 that only the overlapped resource(s) is/are reselected. We would like to emphasize that it is important to support functionality when UEs yield the whole slot if they observe conflict with preempting UE. Therefore clarification on the meaning of overlapped resources is needed. We suggest to have several meanings for overlapped resources:
Overlap in slot but not in sub-channels
Overlap in slot and partially in sub-channels
Overlap in slot and all sub-channels
Independently of overlap type, we suggest UE is configured with two pre-emption types
Preemption Type 1 – UE yields transmission on whole slot if any type of overlap is detected
Preemption Type 2 – UE does not yields transmission if there is no overlap with reserved subchannels in a given slot 
Both preemption types should be supported by NR V2X system. In order to indicate preemption type, additional bit can be configured per combination of priority pairs. The analysis showing performance benefits of slot based preemption is provided in Section 3.

Proposal 23: 
NR V2X support two preemption types:
Preemption Type 1 – UE yields reserved or planned transmission on whole slot if any type of overlap is detected
Preemption Type 2 – UE does not yield reserved or planned transmission only if there is no overlap in frequency with reserved subchannels in a given slot, otherwise transmission is yielded
Preemption type is configured for each combination of pi and pj , where pi - priority indication associated with the resource indicated in SCI by other UEs and pj - priority of the transmission in the UE selecting resources (similar to the agreed mechanism of RSRP threshold configuration)
If no preemption-type bit is configured for given pair combination pj , pi – then preemption is not supported for that pair
Proposal 2: UEs triggers resource reselection once preemption is detected and resource selection and re-evaluation procedure is reused for the purpose of preemption 

3 [bookmark: _Ref1162537]Evaluation Results of Potential Mode-2 Schemes

3.1 Analysis of Single Sub-channel Initial Transmission
RAN1 has extensively discussed support of a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels.
	· Support at least an initial transmission and reservation of the resource(s) for retransmission(s) to have the same number of sub-channels
· To down-select in the early week of RAN1#99 one of the following: 
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI 
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s)
· Alt 1 is not supported in this case
· Companies are encouraged to provide more analysis and evaluations for the above 3 alternatives


In Figure 9, we provide evaluation results of all discussed schemes. The full list of evaluation assumptions could be found in Table 2. For the scheme w/o single sub-channel reservation (i.e. Alt.2), we analyse option where amount of transmissions with multiple sub-channels is the same as in Alt.1-1/Alt.1-2 and equal to N.
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[bookmark: _Ref24118900]Figure 9: Evaluation of a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels for a) TX Parameters Set 1 and b) TX Parameters Set 2

Based on performance evaluation, we have following observations:


Performance of Alt.1-2 is always worse than performance of Alt.1-1
Performance of Alt.1-1 may be slightly better than of Alt.2, if number of transmissions with multiple sub-channels is the same

3.2 Sidelink Resource Reservation / Pre-emption Study
To study communication performance of the system with UEs communicating with packets having different priorities, the slightly modified system level simulation setup was used. For this setup, simulation assumptions listed in Table 1 were taken as a reference. Below, we provide description of the additional simulation parameters.
In evaluations presented in this section, we consider NR Freeway deployment, where UEs are randomly assigned to one of the following groups: the first group includes UEs that originate regular traffic with reference parameters from Table 1, while the second group includes UEs that transmit aperiodic traffic of the same payload size and intensity as the first group, but with packet delay budget (PDB) shortened to 5ms. The UEs which belong to the first group of UEs are considered as Low Priority UEs (L-P-UE) and the UEs from the second group are considered as High Priority UEs (H-P-UE). The total number of H-P-UE in deployment is 10% of the total number of generated UEs. 
Due to significantly decreased latency of high priority traffic, the high priority UEs are configured with modified resource selection parameters: selection window is reduced to 10 slots for considered numerology with 30kHz subcarrier spacing to support packet transmission within PDB. The ratio of resources remaining after resource exclusion is increased up to 60% to ensure, that time-frequency resources may be found for all TTIs of any packet. 
Evaluation results for the following system operation scenarios are provided:
Scenario 1 (Preemption without L-P-UE yielding). Low priority UEs follow resource reselection procedure where decision made for already selected and signaled resources is not changed. 
Scenario 2 (Preemption with L-P-UE time-frequency resource yielding). Low priority UEs use enhanced resource reselection procedure, which detects overlap between selected time-frequency resources and time-frequency resources occupied by high priority transmission and triggers resource yielding.  As part of resource yielding procedure, low priority UEs reselect collided resources and indicate new resource selection decision in next SCI.
Scenario 3 (Preemption with L-P-UE time resource/slot yielding). Low priority UEs use enhanced resource reselection procedure which detects overlap between selected time resources and time resources occupied by high priority transmission and triggers resource yielding. As part of resource yielding procedure, low priority UE reselects collided resources and indicates new resource selection decision in the next SCI.
In Figure 10, we provide system level performance comparison for the Scenario 1 and Scenario 2:
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[bookmark: _Ref16845969]Figure 10: System-level performance comparison of the resource selection approaches
with and without low priority UEs resource yielding
In Scenario 1, the packet reception ratio of high priority packets degrades comparing to low priority packets due to significant constraints in resource selection. In scenario 2, low priority UE yields resources occupied by high priority UE that substantially improves high priority traffic PRR performance without any noticeable degradation in low priority packets performance.
The high priority packet reception ratio is further be improved, if low priority UE applies a slot yielding technique. The performance comparison of the resource yielding and slot yielding techniques is provided in Figure 11.  Significant performance improvement is observed for high priority packet in case of the slot yielding that can be explained by the following reasons:
Reduced half-duplex impact. Low priority UE has an additional opportunity to receive high priority transmission if it does not transmit in the same time resources.
Minimized in-band emission. Frequency multiplexing of high priority transmission with other nodes transmissions may have a negative impact on high priority packet delivery due to in-band power leakage, which could significantly affect reception performance at the receivers located at large distance from high priority source, but close to the interferer.
The performance of low priority packet delivery degrades due to increased congestion among low priority UEs, caused by decreased number of resources available for low priority UEs. 
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[bookmark: _Ref16846882]Figure 11: Performance comparison of the resource selection approaches
with time-frequency resource and time resource low priority UE yielding


4 Conclusions
In this contribution, we provided our views on main design aspects of resource allocation Mode-2 for NR-V2X sidelink communication. Based on discussions and presented evaluation results, we have following proposals:
Proposal 1: 
· SCI can allocate Nmax sidelink resources over a window of W logical slots (i.e. slots of a resource pool allocated for PSCCH/PSSCH transmissions)
· For the case when the same number of sub-channels is used for initial transmission and retransmission of a given TB, NR V2X supports full flexibility in terms of resource allocation within window W
· Down-select window size W from the following set of values [16, 32] or [20, 40] slots
Proposal 2: 
· Adopt modified Option 1-a, where a period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods
Proposal 3: 
· For a given HARQ process (a given TB), TX-UE can request HARQ feedback at any/arbitrary SCI scheduling a given TB subject to out-of-order HARQ constraints
Proposal 4: 
· Support (pre-)configuration of minimum number NMIN of (re-)transmissions for groupcast communication operating with NACK only feedback (NMIN ≥ 2)
Proposal 5: 
· Each SCI transmission can point to resources, where  is determined by TX UE for each HARQ process or for each SCI transmission
· here,  denotes PSCCH/PSSCH resources allocated in the past,  indicates PSCCH/PSSCH resources reserved/scheduled in the future , 
· SCI indicates offset to NP resources in the past and NF resources in future relative to the slot used for SCI transmission
· N resources indicated by SCI are signalled in scheduling window 
· When , HARQ process for a given TB is considered completed
Proposal 6: 
· In case of semi-persistent transmissions, resource reselection is triggered based on predefined counter conditions (e.g. after transmission of a predefined number of TBs) or based on timer conditions (e.g. once certain amount of time since last reselection is expired)
· Number of remaining semi-persistent transmissions for a given semi-persistent process is not indicated by TX UE
· UE performing resource reselection assumes that TX UE has reserved infinite number of periodic sidelink resources for a given semi-persistent process
Proposal 7: 
· PSCCH/SCI decoding in sensing procedure is used to additionally extract information on
· Destination IDs
· UE may further determine and exclude sidelink resources used and reserved by UEs for transmission toward UE reselecting resources 
· PSSCH DMRS pattern information for SL-RSRP measurements, if PSSCH DMRS is agreed for SL-RSRP
Proposal 8: 
· L1 SL-RSRP is defined over DMRS of PSSCH
· L1 SL-RSRP measurement over PSSCH is used to determine sidelink resources for exclusion (or identify candidate resources)
Proposal 9: 
· Resources reserved for transmission addressed to the UE performing resource reselection are separately handled
· Dedicated RSRP thresholds are configured to exclude resources (slots) used for transmission by group members in case of groupcast and unicast communication
Proposal 10: 
T2min is (pre-)configured per each sidelink priority value indicated in SCI from the following set of values: 5, 10, 20 · 2µ-1 slots, where µ = 1,2,3,4 for 15, 30, 60, 120 kHz SCS respectively

Proposal 11: 
· Sidelink resource(s) reserved by SCI transmission at time instance “m” is a subset of candidate resources identified at time instance (m - T3)
Proposal 12: 
· For a given resource selection process within slots of resource pool, where t(kp), t(kp+1), t(kp+2) are slots selected for potential PSCCH/PSSCH sidelink transmission, the distance in logical slots between t(kp+N-1) - t(kp) < W,
· where N = 2 or N = 3 ≤ Nmax, kp index of selected sidelink resource within resource pool, t(kp) logical index of sidelink resource in resource pool
Proposal 13: 
The sensing window duration is controlled by configurable parameter T0
The value of T0 can be selected from the following range W ≤ T0 ≤ TSPS_MAX_PERIOD
· TMAX_SPS_PERIOD is the maximum value of SPS periods supported by system configuration 
· Configured value T0 puts constraint on the maximum SPS period (PSPS) of semi-persisted process indicated in SCI, i.e. PSPS ≤ T0
Proposal 14: 
For a resource reservation signalled in SCI at slot ‘m’, the following timing relationship can be defined with resource selection window [n+T1, n+T2]
· Alt. 1: n = m-T3–T1, where T3 is defined in slot units
Proposal 15: 
For a resource reservation signalled in SCI at slot ‘m’, UE selects M sidelink resources in resource selection window [n+T1, n+T2], where
· Alt.1. M is determined by UE implementation, M ≤ MTARGET
· Alt.2. M = MTARGET – MTX
· MTARGET – intended number of transmissions determined for a given TB
· MTX – number of accomplished transmissions of a given TB including transmission at slot ‘m’
For a resource reservation signalled in SCI at slot ‘m’, UE indicates reservation of N earliest in time resources out of M selected sidelink resources, where N ≤ M, 
· N is determined by UE implementation subject to Nmax configuration constraints
Proposal 16: 
Once initial resource reselection is triggered at time slot n,
· Step-0. Initialize  as an empty set of resources for potential sidelink transmission
· Step-1. Generate set of candidate resource CS(n)
· UE forms a set of candidate resources for sidelink transmission – CS(n) based on processing of sensing window [n-T0, n – Tproc,0) for the corresponding resource selection window [n+T1, n+T2]
· Step-2. Select resources R(n) for potential transmission at slots t(n) from CS(n)
· UE selects M resources R(n) = {R0(n),…, RM-1(n)} from CS(n) for potential sidelink transmission in slots t(n) = {t0(n),…, tM-1(n)}, ordered in time, where (n+T1) ≤ t0(n) and t(M-1)(n) ≤ (n+T2)
· Step-3. Re-evaluation of selected candidate resources
· UE finds  intersection of CS(n) and R(n-Δ), i.e. .
· UE finds  union of intersection  and R(n):
Proposal 17: 
· Define at least the following resource (re)-selection triggers:
· UE determines that a new packet is arrived and there is no sidelink resources reserved for its transmission
· UE determines that new packet is arrived and cannot be transmitted in reserved resources (e.g. lack of reserved sidelink resources, the target QoS level is not guaranteed)
· UE determines that resource reservation is expired (based on timer or counter of transmitted TBs) and new packet is arrived
· It is applicable to semi-persistent transmission scheme
· UE determines that it needs to reserve additional sidelink resources for transmission of a given TB in a given HARQ process(sidelink resource selection process) and indicate reservation in subsequent SCI signaling
Proposal 18: 
· When resource (re)-selection is triggered at time instance , UE determines number M of sidelink resources to be selected out of the set of candidate resources CS(n) of size 
· UE prioritizes selection of at least one earliest in time candidate resource among  earliest in time resources (), where  is configured per priority 
· FFS if  is configured per CBR
· Remaining (M-1) resources are randomly selected from CS(n) subject to signalling(scheduling) window - W constraints
Proposal 19: 
For feedback based transmission, support HARQ round trip time aware resource selection procedure
· When UE disables sidelink feedback, it automatically switches to resource (re)-selection procedure developed for blind retransmissions
Proposal 20: 
Define the following relationship between T3, Tproc,0 and Tproc,1:
· Set Tproc,0 to 0 (Tproc,0 = 0)
· Redefine sensing window [n – T0, n – Tproc,0) to [n – T0, n – 1]
· T3 and Tproc,1 are measured in slots
· Set T3 to Tproc,1 i.e. T3 = Tproc,1 and therefore T3 is not standardized
Proposal 21: 
· NR-V2X supports dynamic prolongation of semi-persistent processes
· Semi-persistent process semi-statically allocates NSPS resources valid for each transmission period NSPS ≤ Nmax
· Semi-persistent process supports allocation of extra ND dynamic resources for each transmission period, where ND is dynamically determined by UE
Proposal 22: 
Preemption flag is configured for each combination of pi and pj , where pi - priority indication associated with the resource indicated in SCI by other UEs and pj - priority of the transmission in the UE selecting resources (similar to the agreed mechanism of RSRP threshold configuration)
Preemption support indicator is configured per resource pool
If preemption is disabled by preemption support indicator, all preemption bits configured for each combination of pi and pj are ignored
Proposal 23: 
NR V2X support two preemption types:
Preemption Type 1 – UE yields reserved or planned transmission on whole slot if any type of overlap is detected
Preemption Type 2 – UE does not yield reserved or planned transmission only if there is no overlap in frequency with reserved subchannels in a given slot, otherwise transmission is yielded
Preemption type is configured for each combination of pi and pj , where pi - priority indication associated with the resource indicated in SCI by other UEs and pj - priority of the transmission in the UE selecting resources (similar to the agreed mechanism of RSRP threshold configuration)
If no preemption-type bit is configured for given pair combination pj , pi – then preemption is not supported for that pair
UEs triggers resource reselection once preemption is detected and resource selection and re-evaluation procedure is reused for the purpose of preemption 


5 References
[1] RP-190766, “New WID on 5G V2X with NR sidelink”, LGE, Huawei, Shenzhen, China, March, 2019
[2] [bookmark: _Ref24147641][bookmark: _Ref4855808]R1-1912203, “Physical structure details for NR V2X sidelink communication”, Intel Corporation, Reno, USA, November, 2019
[3] R1-1912204, “NR V2X sidelink communication in resource allocation mode-1”, Intel Corporation, Reno, USA, November, 2019
[4] R1-1912206, “Synchronization for NR V2X sidelink”, Intel Corporation, Reno, USA, November, 2019
[5] R1-1912207, “Remaining opens of sidelink in-device coexistence”, Intel Corporation, Reno, USA, November, 2019
[6] [bookmark: _Ref24148753]R1-1912208, “Physical layer procedures for NR V2X sidelink”, Intel Corporation, Reno, USA, November, 2019
[7] R1-1912209, “Congestion control for NR V2X sidelink”, Intel Corporation, Reno, USA, November, 2019
[8] [bookmark: _Ref24147645]R1-1912210, “LTE sidelink communication under NR Uu control”, Intel Corporation, Reno, USA, November, 2019
[9] [bookmark: _Ref5025397][bookmark: _Ref5090763][bookmark: _Ref21379348]3GPP TR 37.885, “Study on evaluation methodology of new Vehicle-to-Everything (V2X) use cases for LTE and NR”, V15.2.0 (2018-12)
6 Annex A – List of RAN1 Agreements on Mode-2 Sensing
In this section, we provide list of RAN1 WG agreements relevant to Mode-2 sensing and resource selection procedure for NR-V2X communication:
	RAN1#95 Agreements:
Mode-2(a)
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

RAN1 AdHoc-1901 Agreements:
· Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions. 
· FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.
· FFS detailed conditions when these procedures can apply
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI

RAN1 #96 Agreements:
· NR V2X Mode-2 supports reservation of sidelink resources at least for blind retransmission of a TB
· Whether reservation is supported for initial transmission of a TB is to be discussed in the WI phase
· Whether reservation is supported for potential retransmissions based on HARQ feedback is for the WI phase
· Mode-2 sensing procedure utilizes the following sidelink measurement
· L1 SL-RSRP based on sidelink DMRS when the corresponding SCI is decoded
· FFS whether/which measurement is used if the corresponding SCI is not decoded e.g. SL-RSRP after blind DMRS detection, SL-RSSI

RAN1#96bis Agreements:
· NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure
· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
· This functionality can be enabled/disabled by (pre-)configuration
· FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X


RAN1#97 Agreements:
· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB
· FFS impact on subsequent sensing and resource selection procedures
· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported
· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE
· FFS the behavior of the receiver UE(s) of this TB and other UEs

Conclusion:
· RAN1 to discuss further the following
· Maximum number of blind retransmissions supported for one TB
· Maximum number of reserved blind retransmission
· Maximum number of HARQ feedback-based retransmissions supported for one TB
· Maximum number of reserved HARQ feedback-based retransmission 

· RAN1 to further select between the following options of sidelink resource reservation for blind retransmissions:
· Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission
· Option 2: A transmission can reserve resource for none or one blind retransmission

· Resource selection window is defined as a time interval where a UE selects sidelink resources for transmission
· The resource selection window starts T1 ≥ 0 after a resource (re-)selection trigger and is bounded by at least a remaining packet delay budget
· FFS T1 value, whether it is measured in slots, symbols, ms, etc.
· FFS other conditions

· Support a sub-channel as the minimum granularity in frequency domain for the sensing for PSSCH resource selection
· No additional sensing for other channels

· At least for mode 2, The maximum number of SL resources NMAX reserved by one transmission including current transmission is [2 or 3 or 4]
· Aim to select the particular number in RAN1#98
· NMAX is the same regardless of whether HARQ feedback is enabled or disabled

· At least for mode 2,  (Pre-)configuration can limit the maximum number of HARQ (re-)transmissions of a TB
· Up to 32
· FFS the set of values
· FFS signaling details (UE-specific, resource pool specific, QoS specific, etc.)
· If no (pre)configuration, the maximum number is not specified
· Note: this (pre-)configuration information is NOT intended for the Rx UE

· In Mode-2, SCI payload indicates sub-channel(s) and slot(s) used by a UE and/or reserved by a UE for PSSCH (re-)transmission(s) 
· SL minimum resource allocation unit is a slot
· FFS whether when the resource allocation is multiple slots, the slots can be aggregated
· FFS whether in case of multiple slots, the indicated slots are contiguous or not

Working assumption:
· An indication of a priority of a sidelink transmission is carried by SCI payload
· This indication is used for sensing and resource (re)selection procedures
· This priority is not necessarily the higher layer priority

· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details

· In Step 1 of the resource (re-)selection procedure, a resource is not considered as a candidate resource if:
· The resource is indicated in a received SCI and the associated L1 SL-RSRP measurement is above an SL-RSRP threshold
· The SL-RSRP threshold is at least a function of the priority of the SL transmission indicated in the received SCI and the priority of the transmission for which resources are being selected by the UE
· FFS details


RAN1#98bis Agreements:
Agreements:
· Maximum number of HARQ (re-)transmissions is (pre-)configured per priority per CBR range per transmission resource pool	
· The priority is the one signaled in SCI
· This includes both blind and feedback-based HARQ (re)-transmission
· The value range is any value from 1 to 32
· If the HARQ (re)transmissions for a TB can have a mixed blind and feedback-based approached (FFS whether or not to support this case), the counter applies to the combined total

Agreements:
· Resource (re-)selection procedure supports re-evaluation of Step 1 and Step 2 before transmission of SCI with reservation
· The re-evaluation of the (re-)selection procedure for a resource reservation signalled in a moment ‘m’ is not required to be triggered at moment > ‘m – T3’ (i.e. resource reselection processing time needs to be ensured)
· FFS condition to change resource(s) from previous iteration to resource(s) from current iteration
· FFS relationship of T1 and T3, if any
· FFS whether to handle it differently for blind and feedback-based retransmission resources

Agreements:
· In Step 1, initial L1 SL-RSRP threshold for each combination of pi and pj is (pre-)configured, where pi - priority indication associated with the resource indicated in SCI and pj - priority of the transmission in the UE selecting resources

Agreements:
· In Step 1, when the ratio of identified candidate resources to the total number of resources in a resource selection window, is less than X%, all configured thresholds are increased by Y dB and the resource identification procedure is repeated
· FFS value(s)/configurability of X 
· At least one value of X=20
· Y=3
· FFS other conditions to stop RSRP threshold increment, if any

Agreements:
· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold
· Only the overlapped resource(s) is/are reselected
· FFS
· the timeline for reselection
· other details
· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)
· This mechanism can be enabled or disabled, per resource pool
· FFS details

Agreement (Outcome of email discussion – [98bis-NR-14])
· Support at least an initial transmission and reservation of the resource(s) for retransmission(s) to have the same number of sub-channels
· To down-select in the early week of RAN1#99 one of the following: 
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI 
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s)
· Alt 1 is not supported in this case
· Companies are encouraged to provide more analysis and evaluations for the above 3 alternatives

Agreement (Outcome of email discussion – [98bis-NR-15])
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, NMAX is 3
· SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool 
· FFS: if full flexibility is limited in some cases
· Value 2 or 3 is (pre-)configured per resource pool
· FFS size of window W

Agreement (Outcome of email discussion – [98bis-NR-15])
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled, down-select in RAN1#99 from the following:
· Option 1-a. A period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods 
· FFS number of subsequent reservation periods
· FFS NMAX is always same regardless if a period > W is additionally signaled or not for SCI size perspective. 
· Option 1-b. A time gap > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at resources indicated by the time gap 
· FFS NMAX is always same regardless if a time gap > W is additionally signaled or not for SCI size perspective. 
· Option 2. There is no additional field (NDI and HARQ ID are used at the moment of SCI reception) to distinguish reservation for another TB, and at least one of NMAX resources can be signaled beyond window W

Agreement (Outcome of e-mail discussion [98bis-NR-16])
· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· The resource selection window starts at time instance (n + T1), T1 ≥ 0 and ends at time instance (n + T2) 
· The start of selection window T1 is up to UE implementation subject to T1 ≤ Tproc,1
· T2 is up to UE implementation with the following details as a (working assumption):
(i) T2 ≥ T2min
(ii) If T2min > Remaining PDB, then T2min is modified to be equal to Remaining PDB
(iii) FFS other details of T2min including whether the minimum window duration T2min - T1 is a function of priority
· UE selection of T2 shall fulfil the latency requirement, i.e. T2 ≤ Remaining PDB
· A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· T0 is (pre-)configured, T0 > Tproc,0 FFS further details
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum 
· FFS relation of T3, Tproc,0, Tproc,1 
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1
· Agreement (Outcome of e-mail discussion [98bis-NR-16])
· A UE is expected to select resources for all intended (re-)transmissions within the PDB, i.e. the number of intended (re-)transmissions is an input to the resource (re-)selection procedure



7 Annex B – System Level Evaluation Assumptions
In this section, we provide summary of evaluation assumptions 
[bookmark: _Ref534982661]Table 1: System level evaluation assumptions for pre-emption and feedback-based communication studies
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario from NR V2X methodology [9]
· Vehicle speed = 140 km/h

	Channel model
	TR 37.885, NR V2X Channel Model [9]

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Traffic model
	Aperiodic variable packet size broadcast traffic (TR 37.885 Aperiodic Model 1 traffic):
· Packet size: uniform in the range [200..2000] Byte with quantization step of 200 Byte 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms
· 100% Vehicle UEs transmit data 

	Resource selection window
	16 ms for broadcast
45 ms for unicast with PSFCH

	TTI structure
	NR Slot TTI: 10 Symbols for Data, 4 Symbols total overhead
When PSFCH is present: 8 symbols for Data

	Sidelink control TX parameters 
	64 Bits
QPSK Modulation

	SCI/Data resource multiplexing
	Same slot SCI and Data transmission with Option 3 multiplexing scheme

	SCI/Data frequency resource allocation
	· PSCCH: 5 PRB
· PSSCH: 25 PRB

	SCI/Data time resource allocation
	· PSCCH: 2 Symbols
· PSSCH: 10 Symbols

	PSFCH (for unicast)
	Periodicity of PSFCH slots is 2
2 symbols, 1 PRB
Random PSFCH resource assignment within a sub-channel associated with the received PSCCH/PSSCH

	Unicast association
	600 m association distance

	Data Packet Tx parameters
	Aperiodic variable packet size evaluations: 
· 200 Byte packet: QPSK, 2 TTI (CRTTI = 0.28, CRAll = 0.14)
· 400 Byte packet: QPSK, 2 TTI (CRTTI = 0.55, CRAll = 0.28)
· 600 Byte packet: 16-QAM, 2 TTI (CRTTI = 0.42, CRAll = 0.21)
· 800 Byte packet: 16-QAM, 2 TTI (CRTTI = 0.55, CRAll = 0.28)
· 1000 Byte packet: 16-QAM, 3 TTI (CRTTI = 0.70, CRAll = 0.23)
· 1200 Byte packet: 16-QAM, 3 TTI (CRTTI = 0.83, CRAll = 0.28)
· 1400 Byte packet: 16-QAM, 4 TTI (CRTTI = 0.97, CRAll = 0.24)
· 1600 Byte packet: 16-QAM, 4 TTI (CRTTI = 1.11, CRAll = 0.27)
· 1800 Byte packet: 16-QAM, 5 TTI (CRTTI = 1.25, CRAll = 0.31)
· 2000 Byte packet: 16-QAM, 5 TTI (CRTTI = 1.39, CRAll = 0.35)

Note: for unicast, the maximum number of TTI after HARQ retransmissions is 5 for any packet size



[bookmark: _Ref24147037]Table 2: System level evaluation assumptions for single subchannel initial transmission study
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario from NR V2X methodology [9]
· Vehicle speed = 140 km/h

	Channel model
	TR 37.885, NR V2X Channel Model [9]

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Traffic model
	Aperiodic variable packet size broadcast traffic (TR 37.885 Aperiodic Model 1 traffic):
· Packet size: uniform in the range [200..2000] Byte with quantization step of 200 Byte 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms
· 100% Vehicle UEs transmit data 

	Resource selection window
	16 ms

	TTI structure
	NR Slot TTI: 10 Symbols for Data, 4 Symbols total overhead

	Sidelink control TX parameters 
	64 Bits
QPSK Modulation

	SCI/Data resource multiplexing
	Same slot SCI and Data transmission with Option 3 multiplexing scheme

	SCI/Data frequency resource allocation
	· PSCCH: 5 PRB
· PSSCH: variable in size

	SCI/Data time resource allocation
	· PSCCH: 2 Symbols
· PSSCH: 10 Symbols

	Data Packet Tx parameters
	TX Parameters Set 1:
· 200 Byte packet: 16-QAM, 10 PRB, 2 TTI (CRTTI = 0.37, CRAll = 0.19)
· 400 Byte packet: 16-QAM, 10 PRB, 2 TTI (CRTTI = 0.74, CRAll = 0.37)
· 600 Byte packet: 16-QAM, 20 PRB, 2 TTI (CRTTI = 0.53, CRAll = 0.26)
· 800 Byte packet: 16-QAM, 20 PRB, 2 TTI (CRTTI = 0.7, CRAll = 0.35)
· 1000 Byte packet: 16-QAM, 30 PRB, 2 TTI (CRTTI = 0.57, CRAll = 0.29)
· 1200 Byte packet: 16-QAM, 30 PRB, 2 TTI (CRTTI = 0.69, CRAll = 0.34)
· 1400 Byte packet: 16-QAM, 30 PRB, 2 TTI (CRTTI = 0.80, CRAll = 0.40)
· 1600 Byte packet: 16-QAM, 40 PRB, 2 TTI (CRTTI = 0.68, CRAll = 0.34)
· 1800 Byte packet: 16-QAM, 40 PRB, 2 TTI (CRTTI = 0.77, CRAll = 0.38)
· 2000 Byte packet: 16-QAM, 50 PRB, 2 TTI (CRTTI = 0.68, CRAll = 0.34)

TX Parameters Set 2:
· 200 Byte packet: QPSK, 10 PRB, 2 TTI (CRTTI = 0.74, CRAll = 0.37)
· 400 Byte packet: QPSK, 20 PRB, 2 TTI (CRTTI = 0.70, CRAll = 0.35)
· 600 Byte packet: QPSK, 30 PRB, 2 TTI (CRTTI = 0.68, CRAll = 0.34)
· 800 Byte packet: QPSK, 40 PRB, 2 TTI (CRTTI = 0.68, CRAll = 0.34)
· 1000 Byte packet: QPSK, 50 PRB, 2 TTI (CRTTI = 0.68, CRAll = 0.34)
· 1200 Byte packet: 16-QAM, 30 PRB, 2 TTI (CRTTI = 0.68, CRAll = 0.34)
· 1400 Byte packet: 16-QAM, 40 PRB, 2 TTI (CRTTI = 0.60, CRAll = 0.30)
· 1600 Byte packet: 16-QAM, 40 PRB, 2 TTI (CRTTI = 0.68, CRAll = 0.34)
· 1800 Byte packet: 16-QAM, 50 PRB, 2 TTI (CRTTI = 0.61, CRAll = 0.30)
· 2000 Byte packet: 16-QAM, 50 PRB, 2 TTI (CRTTI = 0.68, CRAll = 0.34)


	SCI Resource Indication
	3 TTI Maximum
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