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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 discuss 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. Our views on other NR V2X design aspects are summarized in our companion contributions [2]-[8].
Mode-2 Sensing and Resource Selection
In this section, we continue discussion on details of Mode-2 sensing and resource selection procedures for NR –V2X communication based on the agreements made by RAN1 so far (provided in Annex A for convenience). In Mode-2, UE is expected to decode sidelink control (PSCCH) and conduct sidelink measurements to identify occupied resources as well as priority or generalized QoS targets of ongoing transmissions from other UEs. For resource selection, UE utilizes sensing results and information on its own traffic parameters (e.g. QoS) and assistance data from other UEs. In addition, UE geo-location information can be used to guide resource selection decision. In the next sub-sections, we discuss FFS aspects in more details.
Resource Reservation for Feedback Based HARQ
In order to enable efficient sensing operation, the resource reservation mechanism is necessary. At the previous meeting, it was agreed that NR V2X Mode-2 supports reservation of sidelink resources at least for blind retransmission(s) of a TB. Whether resource reservation is supported for potential retransmission(s) based on HARQ feedback is still under discussion.
The basic principle of NR-V2X sidelink channel access is to avoid transmission on resources known to be used by other UEs. For aperiodic traffic, at least when single TB is transmitted using more than one slot/TTI, the first transmission may indicate the repetition resources to be avoided by other UEs. In that context, it is proposed that even for feedback based HARQ retransmissions, a transmitting UE should be able to indicate/reserve retransmission resources prior to or during the initial transmission.
The reservation of feedback-based retransmission resources should be done for at least one retransmission. In some cases, it may be beneficial to reserve more than one resource in future.

Proposal 1: 
Resource reservation for potential retransmissions based on HARQ feedback is supported
SCI indicates reservation of resources for feedback based HARQ retransmissions 
FFS how these resources are handled in resource selection and sensing

During online discussion, the over-booking and inefficient resource utilization were considered as a main drawbacks for solution above. However, in our view this aspect depends on specific solution in mind. For instance, adaptive RSRP threshold principle applied in LTE-V2X will resolve these issues at large extent even if feedback based retransmission resources are considered as occupied for blind retransmissions. More intelligent way is to assume that feedback based retransmission resources may not be fully utilized.
There are several mechanisms how the reserved resources can be handled by UE selecting resources to avoid problem of over-booking or reservation. The adaptive RSRP threshold mechanism applied in resource exclusion procedure can take care about all reserved sidelink resources. This mechanism allow to select resources even if those are reserved, if RSRP measurements on these resources are below RSRP threshold, which is adaptively increased if there is no sufficient amount of resources found. As an enhancement to this mechanism, UE selecting resources may treat resources for feedback based retransmissions with different priority. For instance, different RSRP thresholds can be used for different retransmissions with higher thresholds applied to the first retransmission and lower thresholds values applied to the subsequent retransmissions. It is also possible to prioritize for selection resources with higher retransmission index assuming that those will be used with lower probability. All of these options will address the expected problem of “over-booking”. Another less attractive options to avoid over-reservation is to monitor PSFCH channel by all UEs in order to figure out whether PSCCH/PSSCH resource is released or not.
The system level evaluation analysis confirming benefits of reservation of resources for feedback based HARQ retransmission is shown in Section 3.1.

Information Extracted from SCI Decoding
SCI decoding is used to extract information on occupied sidelink transmission resources, including resources for retransmissions and semi-persistently reserved resources. Besides the occupied sidelink resources, UE performing resource reselection extracts information on sidelink transmission priority and/or generalized QoS target/level of sidelink transmission. This information is further taken into account in resource selection procedure.

Proposal 2: 
· PSCCH/SCI decoding in sensing procedure is used to extract information on
· Sidelink resources occupied by other UEs including (re)-transmissions, and semi-persistently reserved sidelink resources
· Source and destination IDs
· UE may further determine sidelink resources used by UEs that belong to the same group(s)
· QoS level of sidelink transmission e.g. priority and/or reliability (PQI indicators)

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 in case if standalone PSCCH transmission is supported (e.g. for resource reservation, preemption, etc.). If SCI which indicates resource reservation is transmitted as a standalone PSCCH transmission, its transmit power should be scaled according to the indicated resource reservation in order to align standalone SCI transmit PSD with transmit PSD of the reserved resource for transmission.
In addition, 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.

Proposal 3: 
· L1 SL-RSRP is defined over DMRS of PSSCH
· L1 SL-RSRP measurement over PSSCH is used to determine sidelink resources for exclusion
· L1 SL-RSRP over DMRS PSCCH is defined for the case of standalone PSCCH transmissions
· L1 SL-RSSI measurements are introduced for sensing and resource selection procedure
· L1 SL-RSSI measurement is used at least to measure signal strength on non-excluded resources

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 procedure may need to separately handle transmissions from unicast and groupcast links comparing to broadcast and prioritize these transmissions over broadcast ones. If needed priority information may be considered here.

Proposal 4: 
· In case of unicast and groupcast communication, sensing procedure detects and indicates resources which are reserved for transmission by members of the same group/unicast pair
· Resources reserved for transmission by UEs that belong to the same group or unicast pair are excluded from candidate resource set
· Different SL-RSRP thresholds are configured to handle transmissions from group members or unicast link including minus infinity settings that imply automatic exclusion of such resources from candidate resources

Alternative option is to consider such resources as a candidates with a lower priority or probability (i.e. only if there is no other resources available). For instance, the SL-RSRP threshold to exclude these resources can be lower and priority of transmitter should be higher than priority level of their transmission.

Sensing Window
For NR-V2X communication, sensing window should start ahead of resource (re)-selection trigger (at time instance n) and continues after resource (re)-selection trigger till the time instance (n+T2), which is determined by the first sidelink transmission minus UE processing delay on resource selection. The NR-V2X sensing window has variable duration and can be viewed as a sensing window composed from two parts (see Figure 1):
	Long-term sensing window (LT-SW) which is a sensing window that UE is expected to monitor ahead of each resource (re)-selection trigger (at time instance: n)
· Long term sensing window has configurable and fixed duration - T0
Short term sensing window (ST-SW) which is a sensing window that starts immediately after resource (re)-selection trigger, e.g. at time instance (n+1) and continues till the time instance (n+T2) which is determined by the first sidelink transmission at (n+T3) minus UE processing delay on resource selection Tproc (TSel_Delay in Figure 1).


[bookmark: _Ref5018931]Figure 1: Sensing and Resource Selection Procedure for NR V2X Communication
It should be noted that long-term sensing window has configurable but fixed duration, while the duration of short term sensing window may vary in time and is subject to resource selection decision process. The main motivation to divide sensing window in two parts and define short-term sensing window together with long-term sensing window is to process resource reservations announced inside of resource selection window and if it is necessary to refine initially selected sidelink resources for transmission if any conflict is detected.

Proposal 5: 
· For NR-V2X communication, sensing window starts at (n-T0) time instance ahead of each resource (re)-selection trigger at time instance n and continues till the time instance (n+T2) which is determined by the first sidelink PSCCH transmission at (n+T3) - minus UE processing delay on resource selection (Tproc)
· For NR-V2X communication, sensing window is composed from two parts:
· 	Long-term sensing window (LT-SW) which is a sensing window UE is expected to monitor ahead of resource (re)-selection trigger
· Long term sensing window has configurable and fixed duration
· Short term sensing window (ST-SW) – is a sensing window that starts immediately after resource (re)-selection trigger and continues till the time instance of sidelink transmission – minus UE processing delay on resource selection

Timescale and Conditions for Sidelink Resource (Re)-Selection
Resource selection window interval should be bounded by packet delay budget (PDB) requirement. If PDB is large (e.g. 100ms) it can be restricted by pre-configuration or specification, e.g. min(PDB, TRSW) or TRSW < TPDB, where TRSW is configured resource selection window (RSW) duration.


Figure 2: Resource (Re)-Selection Window vs Packet Delay Budget
The need to restrict resource selection window is to accommodate reasonable overhead in SCI signaling in order to point to selected resources including initial transmission and retransmissions (e.g. 4 sidelink PSCCH/PSSCH transmissions per TB in total). In addition, from the RX perspective time interval where to collect retransmissions should be limited. We assume that this time span should not exceed 32 slots (i.e. 4 transmissions should be accommodated within window of 32 slots). Therefore if PDB is less than RSW, then RSW should be bounded by PDB. Oppositely if PDB exceeds RSW, UE should aim to transmit with resource selection window. If UE was not able to transmit within resource selection window and remaining PDB still sufficient, UE may re-trigger resource (re)-selection again to select resources and complete packet transmission in time.

Proposal 6: 
· Introduce definition of resource selection window which is a time interval where UE selects sidelink resources for transmission
· Resource selection window starts right after resource (re)-selection trigger and bounded by min(TPDB, TRSW), where 
· TPDB – remaining packet delay budget
· TRSW – configurable resource selection window duration

PSCCH/PSSCH Resource 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 selected resources for transmission but has not transmitted on selected resource and there is still remaining packet delay budget to accomplish transmission in time. In this case UE may trigger additional resource selection

Proposal 7: 
· 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
· Continue discussion on additional triggers for resource (re)-selection

PSCCH and PSSCH Resource Selection Details
Once resource (re)selection is triggered, UE is expected to form candidate resource set composed from at least M candidate resources and selects R tentative candidate resources for sidelink transmission. It is assumed that PSCCH and PSSCH resources are associated (linked) with each other so that both resources are selected.
When selecting resources for transmission UE prioritizes selection of at least one earliest in time candidate resource among N earliest in time resources (N < M) in order to announce its decision as soon as possible either through scheduling assignment or standalone resource reservation signaling (standalone PSCCH transmission can be used for that purpose).
UE continues to monitor transmissions within resource selection window (short term sensing) till the first sidelink transmission (either actual data transmission or standalone reservation signaling). If UE detects through SCI decoding that recently announced transmissions from other UEs collide with tentatively selected candidate resources for transmission (R), UE reselects R tentative candidate resources from candidate resource set to avoid conflict (i.e. by excluding conflicting candidate resources). If there is no conflict detected, UE proceed with transmission on previously selected R candidate resources, otherwise UE makes new iteration and reselects R candidate resources (refinement of candidate resources – see Figure 1 Case 2).

Proposal 8: 
· When resource (re)-selection is triggered, UE forms initial candidate resource set of M resources based on sensing results collected before resource reselection trigger (i.e. in long-term resource selection window)
· This is the step of resource exclusion procedure
· UE prioritizes transmission on a subset of the earliest in time candidate resources by randomly picking one resource out of N earliest in time resources from initial candidate resource set
· UE refines initial candidate resource set based on monitoring of sidelink transmissions within resource selection window at least until the first in time (initial) transmission on selected candidate resource

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 maximum amount of resources UE can reserve for feedback based retransmissions may be a configurable parameter. UE may decide to reserve up to maximum number of resources for feedback based retransmission, e.g. up to 3 resources for retransmission. Alternatively UE may be requested to      
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)?

Handling of Periodic and Aperiodic Traffic
At the RAN1#96bis, the following agreement was made:
· 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
In our view, this agreement means that NR-V2X will support dynamic resource reselection scheme (where resources are selected for transmission of each TB) and semi-persistent resource reselection scheme (where resources are semi-persistently allocated for transmission of multiple TBs). This means that NR V2X is to be optimized for support of periodic and aperiodic traffic as long as their mixture. 
For handling periodic traffic, it is desirable to reduce sensing window (i.e. long-term sensing window) comparing to LTE in order to relax requirements on memory and complexity of processing. The sensing window should not exceed the maximum transmission period which is according to our understanding does not exceed 1000ms. In practice for eV2X traffic, this window can be further reduced to hundreds of ms (e.g. 200ms) or made configurable. Periodic transmissions with larger transmission period can be handled as aperiodic traffic, since anyway interference environment may change significantly in one second.
For periodic traffic, the optimal procedure from the resource allocation perspective is to enable semi-persistent resource reservation and timer or counter based resource reselection similar to LTE. In this case, the long-term sensing window should cover the target transmission period. 
For aperiodic traffic, the dynamic resource selection is a more reasonable choice since it transmission pattern is not predictable
In order to handle periodic and aperiodic traffic, the long and short term sensing procedures complement each other and can be viewed as a unified single solution. From system perspective, the following options can be enabled or disabled:
Option 1. Long term sensing is enabled w/o short term sensing.
· 	This option is valid if only semi-persistent/periodic transmissions are considered with semi-persistent resource selection
Option 2. Short term sensing is enabled w/o long term sensing
· 	This option is valid if only aperiodic transmissions are considered with dynamic resource selection
Option 3. Combination of short and long term sensing is enabled
· 	This option is valid for both periodic and aperiodic transmissions with semi-persistent and dynamic resource selection respectively
The choice between these options is primarily depends on configuration of long term sensing window. If long-term sensing window is multiple of possible transmission periods then long-term sensing is enabled. If duration of long-term sensing window is equal to resource selection window then semi-persistent reservations can be considered as disabled.

Proposal 9: 
· Long-term sensing window duration is (pre)-configured
· Timer or counter based condition is used to trigger resource (re)-selection for semi-persistent resource selection scheme
· Semi-persistent resource selection scheme is applied for semi-persistent transmissions with resource reservation interval (SPS period) below long-term sensing window duration
· Dynamic resource selection scheme is applied for aperiodic transmissions and semi-persistent transmissions which resource reservation interval (SPS period) exceeds long-term sensing window duration

QoS Impact on Resource Selection
The QoS attributes have impact on sidelink resource selection. UE reselecting resources should take into account its own QoS attributes (e.g. latency, priority, etc.) as well as QoS attributes of other UEs that are indicated in SCI (e.g. priority). The latency will mainly affect resource selection window, priority and reliability amount of resources to be reserved as well as whether to apply standalone reservation signaling or not. In addition, these parameters jointly with the thresholds on SL-RSRP measurements will affect resource exclusion procedure and preemption mechanisms. The SL-RSRP thresholds should be configured to make a decision on whether reserved sidelink resource should be excluded or not from candidate resource set. The resource exclusion procedure may be iterative to ensure that M out of Q resources (i.e. certain percentage of resources) in resource selection window are selected as a candidates.
The value of preconfigured SL-RSRP threshold(s) may depend on priority/generalized PQI targets/levels of transmitting UEs as well as UE (re)-selecting sidelink resource.

Proposal 10: 
· UE performing sensing and resource selection procedures takes into account QoS attributes of ongoing sidelink transmissions from other UEs and its QoS of its own sidelink transmission
· At least sidelink transmission priority is signalled by all UEs
· Different SL-RSRP thresholds are applied based on QoS attributes detected from SCI transmission and QoS attribute of UE selecting resource

Assistance Information from Receiver
In case of unicast links target receivers are also expected to perform sensing and may send feedback to transmitter by sharing sensing results. For instance, target receiver may use resource reservation signal to reserve resource for associated transmitter. This feedback (assistance) information may be used by transmitter in resource selection procedure. We expect that transmitter still owns decision on resource for transmission, however if candidate resources for transmission overlap with assistance information from receiver then transmitter is expected to prioritize this resource(s) for transmission.
In opposite way, transmitter may announce where it can expect response from another UE or announce recommended subset of resources from reception perspective.

Proposal 11: 
· NR V2X supports the following type of assistance information for resource selection:
· Feedback from target receivers / UEs on recommended resource for transmission

Sidelink Resource Reservation / Pre-emption
In case of priority handling, the reservation mechanism may be (re)-used for the purpose of preemption indication. The only difference is that competing UE with lower priority transmission will yield its own transmission and trigger resource reselection procedure.

Proposal 12: 
Enable sidelink preemption mechanisms for eV2X sidelink communication with highest priority

[bookmark: _Ref1162537]Evaluation Results of Potential Mode-2 Schemes
Reservation for Feedback Based HARQ
In order to check impact of reservation for feedback based retransmissions, we have conducted system level evaluation assuming unicast traffic. SLS results showing the benefit of reserving feedback-based ReTX resources are presented in Figure 3. Here, the option of no reservation for HARQ ReTX resource is compared to the options with reservation of 1, 2, or all ReTX resources. The other evaluation assumptions are listed in the appendix section.
[image: ]
[bookmark: _Ref7777935]Figure 3. Unicast PER vs distance for different ReTX reservation schemes

Based on system level evaluation results presented in Figure 3, we have the following observation:

 
Resource reservation for potential retransmissions provides substantially improved performance and should be supported for NR V2X

Continuous vs Distributed in Time Resource Allocation
In this section, we analyzed four schemes comparing continuous retransmission in time vs distributed one as well as scenario where control channel accompanies only initial transmission vs the case when control channel is transmitted with each retransmission (RV-based repetition). We analyze random and sensing based resource selection schemes (see Figure 4 (a) and (b) respectively).
Scheme 1: Distributed repetition in time with control channel present in each slot
Scheme 2: Distributed repetition in time with control channel present in the first slot
Scheme 3: Continuous repetition in time with control channel in the first slot only
Scheme 4: Continuous repetition in time with control channel in each slot

(a) [image: ] (b) [image: ]
[bookmark: _Ref7616854]Figure 4: Impact of number of control channel transmissions and resource allocation mode on system-level communication performance
For evaluated schemes 2 and 3, with single control channel in the first slot, the overall communication performance is primarily bounded by performance of control information reception. In this case, the loss of the only the first slot makes the whole multi-slot transmission undetectable even by nearby located UEs. High overlap probability of the first slot with any other UE transmission leads to significant half-duplex issue and, therefore, to the poor PRR performance even at the short distances as it is shown in Figure 4-(a).
Multiple control channel transmissions used in Schemes 1 and 4 introduce redundancy into the same control information transmission that significantly improves control channel detection probability at short distances at the expense of distant transmission reception. This improves both sensing and demodulation performance and thus overall PRR.

 
Single slot control channel transmission provides unreliable communication even at short distances

As it is shown in Figure 4-(b), sensing based scheme with continuous resource allocation in time and frequency results in much lower performance comparing to sensing based scheme with distributed resource allocation in time and frequency. Continuous allocation in time limits benefits of sensing performance comparing to distributed resource allocation, where sensing provides noticeable performance gains.
Based on system level evaluation results presented in Figure 4, we have the following proposal:

Proposal 13: 
Sensing based schemed with distributed resource allocation in time where each transmission contains control channel provides the best system level performance and should be agreed for NR V2X communication.

Chain-Based vs Look-Ahead Resource Reservation
In this section, we provide system-level evaluation results for the candidate Mode-2 resource selection scheme with the following two resource reservation signalling schemes:
[bookmark: _GoBack]Chain-based resource reservation signaling. According to this scheme, each SCI indicates resources reserved for limited number of upcoming (re)-transmissions. In Figure 5, we provided illustration of chain-based 2-TTI resource reservation signaling where each TTI include resource reservation information for the current transmission and for one upcoming (re)-transmission.
Look-ahead resource reservation signaling. In this scheme, each sidelink transmission carry resource reservation information for all scheduled (re)-transmissions.

 
[bookmark: _Ref5095914][bookmark: _Ref5095911]Figure 5: Chain-based resource reservation vs. look-ahead resource reservation signaling
In Figure 6, we provide comparative analysis of the look-ahead and chain-based resource reservation signalling schemes in Highway deployment scenario. The same resource selection procedure with early-in-time resource prioritization and refinement-based resource selection was used in combination with resource reservation schemes described above. For look-ahead reservation, resource selection decision is made for all transmissions and may be refined until the first sidelink transmission (Scheme 1). For chain based resource reservation signaling, two possible resource selection options were evaluated:
Scheme 2: Resource allocation with continuous refinement of resource selection for non-indicated resources
Scheme 3: Resource selection is performed one time but signaling indicates only resource for one upcoming retransmission
 [image: ]
[bookmark: _Ref5096380]Figure 6. Performance comparison of different reserved resources signalling schemes
Based on evaluation results presented in Figure 6, it could be observed that look ahead based reservation is more beneficial from system performance perspective than chain-based approach. Use of continuous resource reselection with chain-based 2 TTI resource reservation signaling improves communication performance but does not compensate performance loss caused by limited knowledge of resource reservation information.

Observation 3:
Look-ahead based reservation and signaling is beneficial from system performance perspective

Proposal 14: 
Adopt look-ahead based resource selection
Support reservation signaling for up to 4 (re)-transmissions


Conclusions
In this contribution, we provided our views on main principles of resource allocation for NR-V2X sidelink communication. Based on discussions and presented evaluation results, we have following proposals:

Proposal 1: 
Resource reservation for potential retransmissions based on HARQ feedback is supported
SCI indicates reservation of resources for feedback based HARQ retransmissions 
FFS how these resources are handled in resource selection and sensing
Proposal 2: 
· PSCCH/SCI decoding in sensing procedure is used to extract information on
· Sidelink resources occupied by other UEs including (re)-transmissions, and semi-persistently reserved sidelink resources
· Source and destination IDs
· UE may further determine sidelink resources used by UEs that belong to the same group(s)
· QoS level of sidelink transmission e.g. priority and/or reliability (PQI indicators)
Proposal 3: 
· L1 SL-RSRP is defined over DMRS of PSSCH
· L1 SL-RSRP measurement over PSSCH is used to determine sidelink resources for exclusion
· L1 SL-RSRP over DMRS PSCCH is defined for the case of standalone PSCCH transmissions
· L1 SL-RSSI measurements are introduced for sensing and resource selection procedure
· L1 SL-RSSI measurement is used at least to measure signal strength on non-excluded resources
Proposal 4: 
· In case of unicast and groupcast communication, sensing procedure detects and indicates resources which are reserved for transmission by members of the same group/unicast pair
· Resources reserved for transmission by UEs that belong to the same group or unicast pair are excluded from candidate resource set
· Different SL-RSRP thresholds are configured to handle transmissions from group members or unicast link including minus infinity settings that imply automatic exclusion of such resources from candidate resources
Proposal 5: 
· For NR-V2X communication, sensing window starts at (n-T0) time instance ahead of each resource (re)-selection trigger at time instance n and continues till the time instance (n+T2) which is determined by the first sidelink PSCCH transmission at (n+T3) - minus UE processing delay on resource selection (Tproc)
· For NR-V2X communication, sensing window is composed from two parts:
· 	Long-term sensing window (LT-SW) which is a sensing window UE is expected to monitor ahead of resource (re)-selection trigger
· Long term sensing window has configurable and fixed duration
· Short term sensing window (ST-SW) – is a sensing window that starts immediately after resource (re)-selection trigger and continues till the time instance of sidelink transmission – minus UE processing delay on resource selection
Proposal 6: 
· Introduce definition of resource selection window which is a time interval where UE selects sidelink resources for transmission
· Resource selection window starts right after resource (re)-selection trigger and bounded by min(TPDB, TRSW), where 
· TPDB – remaining packet delay budget
· TRSW – configurable resource selection window duration
Proposal 7: 
· 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
· Continue discussion on additional triggers for resource (re)-selection
Proposal 8: 
· When resource (re)-selection is triggered, UE forms initial candidate resource set of M resources based on sensing results collected before resource reselection trigger (i.e. in long-term resource selection window)
· This is the step of resource exclusion procedure
· UE prioritizes transmission on a subset of the earliest in time candidate resources by randomly picking one resource out of N earliest in time resources from initial candidate resource set
· UE refines initial candidate resource set based on monitoring of sidelink transmissions within resource selection window at least until the first in time (initial) transmission on selected candidate resource
Proposal 9: 
· Long-term sensing window duration is (pre)-configured
· Timer or counter based condition is used to trigger resource (re)-selection for semi-persistent resource selection scheme
· Semi-persistent resource selection scheme is applied for semi-persistent transmissions with resource reservation interval (SPS period) below long-term sensing window duration
· Dynamic resource selection scheme is applied for aperiodic transmissions and semi-persistent transmissions which resource reservation interval (SPS period) exceeds long-term sensing window duration
Proposal 10: 
· UE performing sensing and resource selection procedures takes into account QoS attributes of ongoing sidelink transmissions from other UEs and its QoS of its own sidelink transmission
· At least sidelink transmission priority is signalled by all UEs
· Different SL-RSRP thresholds are applied based on QoS attributes detected from SCI transmission and QoS attribute of UE selecting resource
Proposal 11: 
· NR V2X supports the following type of assistance information for resource selection:
· Feedback from target receivers / UEs on recommended resource for transmission
Proposal 12: 
Enable sidelink preemption mechanisms for eV2X sidelink communication with highest priority
Proposal 13: 
Sensing based schemed with distributed resource allocation in time where each transmission contains control channel provides the best system level performance and should be agreed for NR V2X communication.
Proposal 14: 
Adopt look-ahead based resource selection
Support reservation signaling for up to 4 (re)-transmissions
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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


Annex B – eV2X System Level Evaluation Assumptions
In this section, we provide summary of evaluation assumptions 
[bookmark: _Ref534982661]Table 1: System level evaluation assumptions
	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
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