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In RAN1 98 [1], the following agreements were made regarding Mode-2 resource allocation:
Agreements:
· 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

Agreements:
· 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

Agreements:
· 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

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 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 either 2, 3, or 4 reservations (with further down-selection to one value) 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 two or more 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. Based on these considerations, we proposed that reservations in an SCI can have a different number of allocated RBs (or sub-channels).
[bookmark: _Toc21376024]Proposal 1: Reservations in an SCI can have a different number of allocated RBs (or 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.
[bookmark: _Toc21376025]Proposal 2: No additional SCI fields are introduced for the purpose of indicating periodic reservations.
Sensing and Resource Selection Procedure
A general framework for the Mode-2 resource selection procedure was agreed. 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.
· 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: _Toc16860889]
[bookmark: _Toc21376026]Proposal 3: All (re)transmissions of a given TB are performed within the packet delay budget.
[bookmark: _Toc16860890][bookmark: _Toc21376027]Proposal 4: For sidelink transmissions in NR V2X, the time difference between the last transmission and the first transmission cannot exceed the 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. 
If identified resources for transmission have been pre-empted or collided with, then the resource re-selection is triggered. Defining two different sensing windows (i.e, long term and short term) sending for this purpose is unnecessary. A resource reservation map that is continually updated would reflect are necessary changes.
[bookmark: _Toc16860843][bookmark: _Toc21376428]Observation 1: Defining separate long-term and short-term sensing procedures is not required. Additionally, a sensing window for the purpose of identifying reserved resources or maintaining the resource reservations is not required.
[bookmark: _Toc21376028]Proposal 5: A sensing window is not defined, the UE continuously updates the available resources, until a specified time before transmission, by decoding SCI.
Sensing is additionally used to compute the congestion level in the system. This can be used to compute the CE value that is to be used by the Tx UE to identify and select resources. In congested scenarios, this CE value may need to be scaled in order to free up resources. For this purpose, a window for computing the initial CE metric was defined for LTE, but it isn’t a sensing window. Due to the dynamic, aperiodic nature of the traffic in NRV2X, such a lookback window is not required. 
[bookmark: _Toc16860892][bookmark: _Toc21376029]Proposal 6: 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
Resource Selection Window
In RAN1 97 [2], it was agreed that resources are selected within a window starting at time  0 after the resource selection trigger and bounded by at most the PDB:
 Agreements:
· 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

There are two choices for the duration of the resource selection window: either it is bounded by the PDB or its duration is less than the PDB. As will be shown, restricting the resource selection window duration to be less than the PDB improves system performance and reception latency. In this section, we discuss the details of a such design and show its performance advantages.
In the following discussion, the resource selection window duration is defined as

where  is the total number of transmissions for the TB.
The selection window for the initial transmission starts at time  and ends at time . Assuming a resource at time  was selected for the initial transmission, then the selection window for the first retransmission starts in the slot after , or in the slot after the feedback for the initial transmission is expected, and has a duration of  as well. This process continuous for all retransmissions of the TB. A similar scheme was also proposed in [7]. Figure 1 illustrates this process for an example TB with four transmissions and  slots.
[image: ]
[bookmark: _Ref21292401]Figure 1 Selection window for first transmission and subsequent retransmissions of a TB
Figure 2 compares the performance (in terms of packet reception rate) and packet reception delay of the proposed scheme with a scheme allowing the selection window for each transmission to extend to the maximum PDB using NR Medium Traffic in a highway setting. From the figure, it can be observed that the proposed scheme improves both performance and latency. This results from the proposed scheme limiting the resource window for a given transmission, leaving sufficient time for subsequent retransmissions. Whereas when the resource is selected from the entire PDB, there is always the possibility that insufficient time is left for subsequent retransmissions. This would reduce the number of possible retransmissions, degrading performance compared to the proposed scheme. From these figures, it is observed that limiting the selection window size to , improves the distance at which PRR=99% by more than four times. The packet reception delay gains are also significant.
[image: ][image: ]
[bookmark: _Ref21293990]Figure 2 Performance and packet delay benefits of the proposed resource selection window scheme
[bookmark: _Toc21376429]Observation 2: Limiting the resource selection window duration for a given transmission to less than the PDB improves system performance and latency.
[bookmark: _Toc21376030]Proposal 7: The resource selection window duration for a given transmission is limited to less than the PDB.
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. 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 mesaurement, and is unnecessary.
[bookmark: _Toc21376031]Proposal 8: L1 RSRP is measured on DMRS of PSSCH for which SCI was successfully decoded.
[bookmark: _Toc21376032]Proposal 9: For candidate resource identification, if SCI decoding fails, no additional measurement is performed.
[bookmark: _Toc21376033]Proposal 10: SL-RSSI measurement is not supported for sensing and candidate resource identification.
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. In the case where the measurement is above the threshold, one possibility is to increase the threshold and repeat the identification process until candidates are found or a limit on the threshold value is reached, in which case, the resource selection procedure indicates that it failed to find any suitable resources. This procedure enables the UE to select resources with weak, or no, interference first, then fallback to resources where collisions with stronger interferers is possible. The upper bound on the threshold ensures overall system performance and protection of higher priority transmissions.
[bookmark: _Toc21376034]Proposal 11: 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.
Resource Selection among Identified Candidates
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 selecting from the identified candidates for each retransmission. A similar scheme was also proposed in [6].
Figure 3 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 3 Impact of selecting earliest candidate for initial transmission compared to randomly selecting a candidate
[bookmark: _Toc21376430]Observation 3: Selecting the earliest available candidate within the selection window for the first transmission significantly reduces packet reception delay without impacting performance.
[bookmark: _Toc21376035]Proposal 12: For the initial transmission of a TB, the earliest available resource from the identified candidates within the selection window is selected.
[bookmark: _Toc21376036]Proposal 13: For retransmissions of a TB, a resource is randomly chosen from the identified candidates within that retransmission’s selection window.
Reservation Pre-emption and Restrictions
It was agreed that transmission priority is used during the resource selection procedure when determining the RSRP threshold. This would enable a higher priority transmission to take over a reservation made by a lower priority transmission. The UE with the reservation for the lower priority transmission could detect the SCI taking over its resource and trigger resource reselection, yielding the reservation (pre-emption). If such a mechanism is supported, there needs to be timeline restrictions to ensure sufficient pre-empted UE processing time. The UE with the lower priority transmission cannot be expected to yield its reservation if the higher priority reservation indication arrives too close to the reserved resource.
[bookmark: _Toc21376037]Proposal 14: If transmission priority-based reservation pre-emption, the pre-empting SCI must arrive sufficiently earlier than the pre-empted reservation.
The sensing procedure, by decoding SCI, provides sufficient information to determine whether a reservation can be pre-empted and whether it has been pre-empting. There is no need for additional signaling to support this feature.
[bookmark: _Toc21376038]Proposal 15: No additional signaling added for the purpose of transmission priority-based reservation pre-emption.
[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 impact of reclaiming is expected to increase if the number of reservations per SCI is large. Therefore, it is important to support this feature, especially if the number of reservations per SCI is decided to be 3 or 4.
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. 
[bookmark: _Toc16860896][bookmark: _Toc21376039]Proposal 16: 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: _Toc21376040]Proposal 17: 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 [5][7]. It improves performance, by indicating resource reservations to other UEs as early as possible, reducing collusions.
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.
[bookmark: _Toc21376431]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: _Toc21376041]Proposal 18: 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
Slot Aggregation
Packet sizes for an application can vary dramatically in NR-V2X. From the receiver’s point of view, it is important that the link budget is the same or similar for all packets in order to maintain reliability for an application. Maintaining similar Tx power per tone for all the packet sizes while also maintaining a similar code rate ensures that the decoding performance for all packet sizes is similar at a target receiver. This is crucial to support different application types in NR V2X. 
The number of aggregated slots for a TB is indicated through SCI for both decoding and for resource allocation. It can be assumed that the number of aggregated TTIs is known to Rx UEs
Slot aggregation in V2X follows similar principles of repetition defined in NR with minor changes. The elements of slot aggregation in the context of V2X are: 
· Selection of MCS, TBS and effective code rate is based on the combined REs across all the aggregated slots
· CR for an individual slot may be greater than 1 for large TB sizes. 
· Each slot in the aggregated set would have the same MCS applied
· Available REs across all the slots are known to both Tx/Rx based on the number of aggregated slots
· Each slot is an individual repetition of the TB with a specific RV associated with it. Once the entire TB is encoded, a circular buffer is used to select the bits for transmission based on the RV for each slot
· The RV pattern is (pre-)configured for V2X similar to the NR specification
· All other aspects of the encoding/decoding and HARQ operation remain the same as it is for NR. 
As explained above, most of the functionality of slot aggregation can be assumed to be the same as that defined for NR Uu in Rel-15. The only differences are in the consideration of the entire set of aggregated slots for MCS and TBS selection. 
[bookmark: _Toc21199735][bookmark: _Toc21376042]Proposal 19: Slot aggregation is supported in NR V2X.
Conclusions
Observation 1: Defining separate long-term and short-term sensing procedures is not required. Additionally, a sensing window for the purpose of identifying reserved resources or maintaining the resource reservations is not required.
Observation 2: Limiting the resource selection window duration for a given transmission to less than the PDB improves system performance and latency.
Observation 3: Selecting the earliest available candidate within the selection window for the first transmission significantly reduces packet reception delay without impacting 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 (or sub-channels).
Proposal 2: No additional SCI fields are introduced for the purpose of indicating periodic reservations.
Proposal 3: All (re)transmissions of a given TB are performed within the packet delay budget.
Proposal 4: For sidelink transmissions in NR V2X, the time difference between the last transmission and the first transmission cannot exceed the HARQ budget.
Proposal 5: A sensing window is not defined, the UE continuously updates the available resources, until a specified time before transmission, by decoding SCI.
Proposal 6: 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
Proposal 7: The resource selection window duration for a given transmission is limited to less than the PDB.
Proposal 8: L1 RSRP is measured on DMRS of PSSCH for which SCI was successfully decoded.
Proposal 9: For candidate resource identification, if SCI decoding fails, no additional measurement is performed.
Proposal 10: SL-RSSI measurement is not supported for sensing and candidate resource identification.
Proposal 11: 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 12: For the initial transmission of a TB, the earliest available resource from the identified candidates within the selection window is selected.
Proposal 13: For retransmissions of a TB, a resource is randomly chosen from the identified candidates within that retransmission’s selection window.
Proposal 14: If transmission priority-based reservation pre-emption, the pre-empting SCI must arrive sufficiently earlier than the pre-empted reservation.
Proposal 15: No additional signaling added for the purpose of transmission priority-based reservation pre-emption.
Proposal 16: 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 17: For the purpose of reclaiming reservations made by another UE, a UE determines whether a reserved is released by listening to PFSCH transmissions.
Proposal 18: 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.
Proposal 19: Slot aggregation is supported in NR V2X.
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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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