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In RAN1 98 [2], the following agreements were made regarding Mode-2 resource allocation:
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
Agreements:
· 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
Agreements:
· 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

In RAN1 98bis and subsequent email discussions [1], further agreements were made regarding sensing and resource selection in Mode 2:
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

Email Agreement
· 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

Email Agreement
· 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, 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

In this contribution, we present the elements needed to complete the Mode-2 design and achieve good performance and latency. Specifically, we provide details on reservations, sensing, resource selection, and retransmission. As well as associated resource allocation and signaling mechanisms
Reservation Details
It was agreed that SCI will support up to 3 reservations and that the initial transmission of a TB can be reserved by an SCI reserving transmission for another TB
The first detail to address is the frequency-domain resource allocation for each of the transmissions. Since up to three reservations will be supported per SCI, and especially in the presence of feedback-based retransmission, allowing the reservations to have different number of allocated RBs (or sub-channels) improves overall resource utilization. This is achieved by enabling the UE to use higher spectral efficiency (fewer resources) for the initial transmission, but reserve more resources for a potential retransmission that is only used if necessary and whose resources can be released to other UEs as described in Section 4. For the case where the reservations are for different TBs, confining both reservations to the same number of RBs is unnecessarily restrictive and could limit the UE’s ability to utilize a desired MCS for the TBS, or could even lead to the UE not being able to achieve a TBS at all depending on configured MCS restrictions. Based on these considerations, we proposed that reservations in an SCI can have a different number of allocated RBs (sub-channels).
[bookmark: _Toc24125424]Proposal 1: Reservations in an SCI can have a different number of allocated RBs (sub-channels).
Since SCI can contain multiple reservation, adding additional signaling to indicate that a reservation is for periodic traffic is unnecessary and can be achieved by the currently-agreed reservation mechanism. Moreover, a key feature in NR V2X is support for aperiodic traffic. This brings up new use cases for signaling reservations for different TBs in the same SCI. One example is to reserve resources for different TBs belonging to the same packet (after upper-layer segmentation). Another is to reserve resources for an aperiodic packet that arrives while transmission for another is ongoing. The flexibility of being able to utilize reservations for 
[bookmark: _Toc24125425]Proposal 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.
Sensing and Resource Selection Procedure
A general framework for the Mode-2 resource selection procedure was agreed in RAN1. It comprises two general steps: identification of candidate resources and resource selection. In this section, we discuss general design principle for Mode 2, then details of sensing, candidate resource identification, and resource selection.
In principle, mode-2 resource allocation is the process of picking resources for transmission of a packet in the absence of a centralized, dedicated scheduler. There are some constraints that need to be considered when designing the resource allocation mechanism. 
· Packet Delay Budget (PDB)
· Each packet, with the corresponding priority level, is associated with a latency budget that needs to be met. This aspect is similar to LTE in that the resource allocation procedure needs to guarantee the transmission of the packet (and any retransmissions) is within the PDB even in congested scenarios. Agreements were made to ensure that resources are selection within the PDB.
· HARQ Budget (HQB)
· The gap between the first and the last transmission should be within the HARQ budget to meet the soft buffer constraints in the UE. The resource allocation mechanism needs to account for the soft buffer limitation when reserving resources for re-transmissions. 
[bookmark: _Toc16860890]
[bookmark: _Toc24125426]Proposal 3: For sidelink transmissions in NR V2X, the time difference between the last transmission and the first transmission cannot exceed a HARQ budget.
Sensing
In NR V2X, sensing is used for determining a map of reserved resources so that they can be avoided in order to reduce interference and collisions in the system. This is performed by decoding the SCI of all UEs which correspondingly indicate resource reservations in future. This procedure of decoding SCI and updating the resource map is an ongoing process and in the event of packet arrival, it is assumed that the Tx UE would have the most recent updated map available. The reserved resource map constructed also contains RSRP information and the priority of the packet for each reservation made. 
[bookmark: _Toc16860892][bookmark: _Toc24125427]Proposal 4: Sensing procedure provides the following information for resource allocation: 
· Resources reserved obtained by SCI decoding which provides a map of future reservations for resource exclusion
· L1-RSRP for the resources associated with decoded SCI 
· Priority level (QoS) for the corresponding packet
Candidate Resource Identification
Once a resource selection window is chosen, the next step is to identify suitable candidates within that window that correspond to resources that are deemed available for transmission. It is already agreed to use L1 RSRP measurements associated with decoded SCI to determine whether a resource is available, but L1 RSRP has not been precisely defined yet. The choice is to either use PSCCH DMRS or PSSCH DMRS. Using PSSCH DMRS places constraints on the design of PSSCH in future releases causing forward compatibility issues [9]. Therefore, even though PSSCH DMRS would likely provide better accuracy, L1 RSRP should be measured on PSCCH DMRS.
[bookmark: _Toc24125428]Proposal 5: L1 RSRP is measured on DMRS of PSCCH for which SCI-1 was successfully decoded.
In the case when SCI is not decoded, no information about the reservation and resource can be obtained and the resource should be considered available. Introducing other measurements would increase implementation complexity, e.g. to perform blind detection of DMRS or SL-RSSI measurement and is unnecessary.
[bookmark: _Toc24125429]Proposal 6: For candidate resource identification, if SCI decoding fails, no additional measurement is performed.
[bookmark: _Toc24125430]Proposal 7: SL-RSSI measurement is not supported for sensing and candidate resource identification.
In the agreed candidate resource identification procedure, when SCI decoding succeeds and L1 RSRP measurement is available, the L1 RSRP is compared against a threshold. If the measurement is below the threshold, the resource is deemed available. The UE identifies the proportion of available resources in the selection window, and if it is below a target percentage, the RSRP threshold is increased by 3 dB and the proportion of available resources is recalculated. The value of the target percentage of available resources affects both latency and collision probability: a lower target percentage reduces latency but could cause more collision. From this point of view, it is important to make this value (pre)configurable to provide sufficient flexibility for addressing different deployment scenarios
[bookmark: _Toc24125431]Proposal 8: The value of X, used as the target threshold for candidate resource identification, is (pre)configurable, per resource pool, form {5, 10, 20, 30}. 
It was agreed that the size of resource selection window is up to UE implementation. As discussed above, the RSRP threshold is increased until sufficient candidate resources are found. Allowing the UE to keep increasing the RSRP without limitation, combined with the UE selecting window size, could lead to increased collisions in the system. For example, a UE could increase the RSRP threshold for a low priority transmission to the point where it overtakes resources occupied by higher priority transmissions. From an overall system performance perspective, it would be more suitable if the UE increased the resource selection window size (subject to the PDB) for the lower priority transmission. This can be achieved by introducing a maximum RSRP threshold value. If this limit is reached and the no resources are found within the PDB, the resource selection procedure indicates that it failed to find any suitable resources.
[bookmark: _Toc24125432]Proposal 9: The L1 RSRP comparison threshold is increased until candidate resources are identified or a maximum threshold value is reached, in which case the  selection procedure indicates that it failed to identify candidate resources.
[bookmark: _Toc24125433]Proposal 10: the maximum RSRP threshold value is (pre-)configured per priority pair.
Resource Selection among Identified Candidates
Choosing reservations to signal in SCI from the identified candidate resources is subject to some constraints. The reservations cannot be so far apart that they cannot be signaled by the same SCI. On the other hand, when feedback is requested, the resources must be sufficiently far apart to accommodate PSFCH resources for the UE to be able to receive HARQ-ACK feedback and determine whether the retransmission is needed or not. The UE might not find a sufficient number of resources that meet these requirements for a given SCI, in which case, the UE should be allowed to signal a subset of the reservations in SCI. Since it was agreed that the target number of (re)transmissions is an input to the resource selection, it is up to the UE implementation to ensure that that target is met.
[bookmark: _Toc24125434]Proposal 11: During candidate selection, the UE finds resources to signal in an SCI that are within a duration that can be signaled by the SCI and are sufficiently far apart to accommodate feedback reception for feedback-based retransmissions. 
[bookmark: _Toc24125435]Proposal 12: The UE selects with equal probability from among the sets of resources that can be signaled in one SCI and accommodate feedback to signal in an SCI.
[bookmark: _Toc24125436]Proposal 13: If the UE does not find candidates that can be signaled in one SCI and accommodate feedback, the UE reserves a subset of the possible resources in SCI.
Compared to random selection from among the identified candidates, selecting the earliest identified candidate for the initial transmission significantly reduces packet reception delay without affecting performance. In case where multiple candidates are in the same slot, one of them is arbitrarily chosen. For the remaining retransmissions, a candidate is randomly selected from the identified candidates for each retransmission. A similar scheme was also proposed in [7].
Figure 1 shows the performance of selecting the earliest identified resource for the initial transmission. It can be observed that the PRR performance is not affected, whereas packet reception delay is greatly reduced. This is important for cases where the system is not congested as it allows the UE to complete its transmission quickly and move on to other transmissions, reducing latency in the lightly loaded system and increasing transmission speed as well as increasing the opportunities for additional retransmissions if required.
[image: ]   [image: ]
[bookmark: _Ref21300884]Figure 1 Impact of selecting earliest candidate for initial transmission compared to randomly selecting a candidate
[bookmark: _Toc24125420]Observation 1: Selecting the earliest available candidate within the selection window for the first transmission significantly reduces packet reception delay without impacting performance.
[bookmark: _Toc24125437]Proposal 14: For the initial transmission of a TB, the earliest available resource from the identified candidates within the selection window is selected.
[bookmark: _Toc24125438]Proposal 15: For retransmissions of a TB, a resource is randomly chosen from the identified candidates within that retransmission’s selection window.
Half-Duplex Avoidance
The Rx UE might successfully decode SCI-1 and SCI-2, but not SCH. Based the information included in SCI-1, the Rx UE will know where another transmission from the Tx UE will be transmitted. In this case, the Rx UE can opt to exclude resources that are in that slot from the candidate resources for its transmissions and avoid half-duplex issues that are a known a priori. The positive impact on system performance of avoiding those half-duplex issues is shown in Figure 2.
[image: ]
[bookmark: _Ref24120674]Figure 2 Impact of excluding slots with known reception from the candidate resource set
[bookmark: _Toc24125421]Observation 2 Exclude candidates in slots where the UE expects to receive transmissions based on decoding prior SCI from the candidate resources for transmission improves performance.
[bookmark: _Toc24125439]Proposal 16 A UE is allowed is to exclude candidates, from the candidate resources for transmission, in slots where it expects to receive transmissions based on decoding prior SCIs.
[bookmark: _Ref21363377]Reservation Reclaiming
In RAN1 #97, it was agreed to support using HARQ feedback for release of unused resources, at least from the transmitter perspective:
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

It also important to support such a feature from the perspective of receiver UEs in order to efficiently use all available resources in the system. The performance with 2 reservation per SCI is shown in Figure 3. The impact of reclaiming is expected to increase if the number of reservations per SCI is 3.
UEs searching for resource to use for transmission or a future reservation should monitor feedback messages and consider a reclaimable resource that was reserved for retransmission to be available when feedback indicate successful reception by the other UEs. 
[image: ]
[bookmark: _Ref24120877]Figure 3 Effect of reclaiming released feedback-based reservations
[bookmark: _Toc24125422][bookmark: _Toc16860896]Observation 3 Reclaiming by other UEs of released feedback-based reservations improves performance.
[bookmark: _Toc24125440]Proposal 17: If a TB has been successfully received by the target Rx UEs and no further HARQ retransmissions are necessary, then any reserved resources associated with that TB are released for use by other UEs. 
[bookmark: _Toc16860897][bookmark: _Toc24125441]Proposal 18: For the purpose of reclaiming reservations made by another UE, a UE determines whether a reserved is released by listening to PFSCH transmissions.
Pre-reservation
The principle of pre-reservation, where a single-subchannel transmission is used to reserve resources for subsequent transmissions of a TB with more sub-channels was also discussed [6][8]. It improves performance, by indicating resource reservations to other UEs as early as possible, reducing collusions.
[bookmark: _GoBack]Figure 4 shows the performance of pre-reservation with NR medium traffic using the baseline resource selection scheme. The improvement brought by pre-reservation is noticeable in the high PRR region. For example, the distance at which PRR=99% is possible increases by 80% when pre-reservation is used. Figure 5 shows the performance impact of enabling and disabling pre-reservation on the system when half-duplex avoidance and reservation reclaiming are enabled. Two scenarios are shown: one corresponding to NR medium traffic and the other corresponding to twice the traffic. The performance gains are consistent with those observed in Figure 4.
[bookmark: _Toc24125423]Observation 4: Pre-reservation improves performance, especially in the high PRR region.
It should be noted that a pre-reservation-only scheme could increase latency under light system load since the UE would have to always send the pre-reservation indication first, then follow it by the transmission later. Therefore, it is best to view pre-reservation as tool for the UE to use when needed instead of an always-applied procedure.
[bookmark: _Toc24125442]Proposal 19: Early reservation indication (pre-reservation) is supported by means of a single sub-channel of PSCCH+PSSCH indicating resources with the same or a larger number of sub-channels. 
[image: ] 
[bookmark: _Ref21304012]Figure 4 Impact of pre-reservation on NR medium traffic scenario

[image: ][image: ]
[bookmark: _Ref24965371]Figure 5 Impact of enabling/disabling pre-reservation when half-duplex avoidance and reservation reclaiming are enabled.

Conclusions
Observation 1: Selecting the earliest available candidate within the selection window for the first transmission significantly reduces packet reception delay without impacting performance.
Observation 2 Exclude candidates in slots where the UE expects to receive transmissions based on decoding prior SCI from the candidate resources for transmission improves performance.
Observation 3 Reclaiming by other UEs of released feedback-based reservations improves performance.
Observation 4: Pre-reservation improves performance, especially in the high PRR region.

Proposal 1: Reservations in an SCI can have a different number of allocated RBs (sub-channels).
Proposal 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.
Proposal 3: For sidelink transmissions in NR V2X, the time difference between the last transmission and the first transmission cannot exceed a HARQ budget.
Proposal 4: Sensing procedure provides the following information for resource allocation:
Proposal 5: L1 RSRP is measured on DMRS of PSCCH for which SCI-1 was successfully decoded.
Proposal 6: For candidate resource identification, if SCI decoding fails, no additional measurement is performed.
Proposal 7: SL-RSSI measurement is not supported for sensing and candidate resource identification.
Proposal 8: The value of X, used as the target threshold for candidate resource identification, is (pre)configurable, per resource pool, form {5, 10, 20, 30}.
Proposal 9: The L1 RSRP comparison threshold is increased until candidate resources are identified or a maximum threshold value is reached, in which case the  selection procedure indicates that it failed to identify candidate resources.
Proposal 10: the maximum RSRP threshold value is (pre-)configured per priority pair.
Proposal 11: During candidate selection, the UE finds resources to signal in an SCI that are within a duration that can be signaled by the SCI and are sufficiently far apart to accommodate feedback reception for feedback-based retransmissions.
Proposal 12: The UE randomly selects from among the sets of resources that can be signaled in one SCI and accommodate feedback to signal in an SCI.
Proposal 13: If the UE does not find candidates that can be signaled in one SCI and accommodate feedback, the UE reserves a subset of the possible resources in SCI.
Proposal 14: For the initial transmission of a TB, the earliest available resource from the identified candidates within the selection window is selected.
Proposal 15: For retransmissions of a TB, a resource is randomly chosen from the identified candidates within that retransmission’s selection window.
Proposal 16 A UE is allowed is to exclude candidates in slots where it expects to receive transmissions based on decoding prior SCI from the candidate resources for transmission.
Proposal 17: If a TB has been successfully received by the target Rx UEs and no further HARQ retransmissions are necessary, then any reserved resources associated with that TB are released for use by other UEs.
Proposal 18: For the purpose of reclaiming reservations made by another UE, a UE determines whether a reserved is released by listening to PFSCH transmissions.
Proposal 19: Early reservation indication (pre-reservation) is supported by means of a single sub-channel of PSCCH+PSSCH indicating resources with the same or a larger number of sub-channels.
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Appendix
This set of simulation results has been presented at the previous meetings and is repeated below for reference. The simulation assumptions used for the results in shown in Table 1.

[bookmark: _Ref21296423]Table 1: Simulation Assumptions for Resource Allocation
	Parameter
	Groupcast

	Sidelink Frequency
	6GHz

	Traffic models
	Aperiodic traffic: Medium Intensity
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes
Latency requirement: 50 ms
Periodic Traffic: Medium Intensity
Inter-packet arrival time: 50 ms 
50% of UEs generate packets
Packet size: 1200 bytes with prob 0.2, 800 bytes with prob 0.8
Latency requirement: 50 ms

	Simulation Environment
	Highway, Urban

	UE Drop and Mobility
	Highway: Option A (140Kmph)  (as per TR 37.885)
Urban: Option A (60Kmph)  (as per TR 37.885)

	Number of Tx/Rx Antenna elements
	2Tx/4Rx

	Antenna Models
	Option 1

	Channel Model
	SCM LOS, NLOSv

	SL Simulation BW
	40MHz

	Pathloss, shadowing, blocking and dual mobility models
	Enabled (as per TR 37.885)
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