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In RAN1 AH#1901 meeting, the following agreements related to resource allocation were made [1]:
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
Agreements:
· For the purpose of performance evaluation for Mode-2(c), the following Mode-2(c) transmission pattern selection is used when a UE is configured with a pool of patterns:
· Sensing based pattern selection (e.g. UE selects unused pattern based on sensing results) 
· Additional information to assist pattern selection is not precluded, e.g., by using UE geographical location information 
Agreements:
· 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.)
Agreements:
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 
Agreements:
At least for the purpose of evaluation, in Mode-2(d), at least for group operation, a member UE transmits on resources configured by another UE (S-UE) within the same group
· High layer signaling is assumed between S-UE and a member UE

In this contribution, we would like to discuss NR V2X sidelink resource allocation mechanisms.
Discussion on Mode 2
It was agreed that at least two resource allocation modes, Mode 1 and Mode 2, are considered in NR V2X. In Mode 1, base station schedules sidelink resource to be used by UE for sidelink transmission, which can be regarded as centralized scheduling method. In Mode 2, UE determines sidelink transmission resource within sidelink resource configured by base station or pre-configured sidelink resources. There are four possible sub-modes in Mode 2: (a) UE autonomously selects sidelink resource for transmission, (b) UE assists sidelink resource selection for other UEs, (c) UE is configured with NR configured grant for sidelink transmission, and (d) UE schedules sidelink transmissions of other UEs. Mode 2(b) was agreed as not a standalone mode and should be combined with other Modes. In the following sections, we will discuss on the mechanisms for Mode 2.
Discussion on Mode 2(a)
Mode 2(a) is UE autonomously selects sidelink resource for transmission. 
In LTE V2X, semi-static sensing results are used for identifying the occupied sidelink resources for periodic traffic with same packet size. However, NR V2X advanced safety messages can be aperiodic and have varying packet sizes. Therefore, a new sensing method should be introduced in NR V2X.
For resource pool configuration, we assume LTE V2X subchannel concepts can be brought into NR V2X. The resource granularity in frequency-domain is one subchannel, which consists of N RBs and N can be configured by gNB or preconfigured. The resource granularity in time-domain can be one OFDM symbol or one slot.
Proposal 1: Resource granularity for sensing and resource selection is one subchannel in frequency-domain and one OFDM symbol or one slot in-time domain. 
The NR V2X advanced safety messages might be aperiodic, periodic, of fixed packet sizes, or of varying packet sizes. If resource pools are independent for periodic and aperiodic traffics, LTE V2X semi-static sensing method can be reused for periodic traffics in NR V2X and a new sensing method would be designed for aperiodic traffics in NR V2X. On the other hand, if resource pools are shared for periodic and aperiodic traffics, a new unified sensing method should be designed for NR V2X.
Sensing procedure
In LTE V2X, sidelink measurements, decoded information of sidelink control channel, and detection of sidelink transmissions are used for identifying occupied resources. In NR V2X, similar concepts can be applied with modifications. 
Information extracted from SCI decoding should include time/frequency resource allocation, resource reservation, and priority of packet.
For sidelink measurements, semi-static/long term sensing as LTE V2X can be reused and a new short term sensing method should be introduced. 
For detection of sidelink transmissions, LTE V2X mechanism can be reused.
If all SCIs can be decoded by UE in each slot, UE would have whole resource allocation information of current slot and resource reservation information of future slots. However, it depends on UE capability. In LTE V2X, most 20 blind decodings are defined. If UE cannot decode all SCIs in one slot, sidelink measurement and detection of sidelink transmissions should be considered to provide assistance information for sensing. Since the complexity of sidelink measurement or detection is much lower than that of SCI decoding.
Proposal 2: Long term and short term sensing methods, decoded resource allocation and resource reservation information in control channel, as well as detection of sidelink transmissions should be introduced in NR V2X.
In LTE V2X, linear average of S-RSSI is measured over the monitored subframes. However, the environment of V2X is very dynamic. Some UEs would join and some UEs would leave V2X communications. Linear average operation can be considered to enhance as weighted average operation. Up-to-date subframes/slots have larger weight to reflect the resource information is more informative. 
Proposal 3: One weighting function can be introduced for averaging S-RSSI in sidelink measurement process. 
Resource selection procedure
In Mode 2(a), a UE can identify the occupied resource by the sensing procedure and then choose all or part available resources can fit to the size of SCI and data payloads and pass the information to MAC layer to do resource selection. One of NR V2X requirement is to support high connection density for congested traffic [2]. One example for worst case is 3100 to 4300 cars per square kilometer. The connection density in NR V2X is higher than that in LTE V2X and thus LTE V2X resource selection method should be modified.
IBE (In-Band Emission) would impact the system performance, if two near-far UEs use adjacent resource. In LTE V2X, IBE might not be a problem with sparse traffic. However, IBE influence would be significant in NR V2X congested traffic case because two near-far UEs have higher probability to be allocated with adjacent resource. One method to alleviate IBE problem is to allocate adjacent resource for two nearby UEs. Therefore, one weighting function can be provided with available resources and send to MAC layer. Higher weight is assigned to the resource near the occupied resource with smaller RSRP difference between UE and occupied resource.
Proposal 4: To alleviate IBE problem, two nearby UEs’ resources can be allocated adjacently. One weighting function can be introduced to resource selection procedure to indicate RSRP difference between UE and occupied resource.
Discussion on Mode 2(c)
In Mode 2(c), UE uses configured grant for sidelink transmission. It is more suitable for periodic data transmission with short latency and low overhead. 
If UE is in coverage, the configured resource can be semi-statically assigned by gNB and collision of resources with other UEs can be avoided by gNB scheduling. However, this scenario can be regarded as Mode 1. 
If UE is out of coverage, the resource should be pre-configured. It is inevitable that two UEs might select the same preconfigured resource and collision would happen for a long duration. To reduce the collision probability, Mode 2(c) needs a lot of resource patterns. If there are M resource patterns and the UE does not perform sensing to choose the resource pattern randomly, the collision probability of two UE is about 1/M when the resource is not crowded. Collision probability is lower with higher M.  If there are not a lot traffic or the transmission period is much larger than the period of preconfigured resource pattern, the reserved resource (patterns) would be wasted and results in low resource utilization efficiency. Moreover, the collision probability is not inversely proportional to M and would be very high, if the UE is in congested traffic. Therefore, sensing is needed for Mode 2(c). This case can be regarded as Mode 2(a) with preconfigured resource pools. We propose Mode 2(c) should not be standalone.
Proposal 5: Mode 2(c) should not be standalone and can be considered as functionality of Mode 2(a). 
Discussion on Mode 2(d)
In Mode 2(d), several UEs can be grouped into a cluster and a scheduling UE can request or reserve a resource pool from gNB and then schedule to UEs based on the scheduling request from UEs. When compared with Mode 1, scheduling UE can sense the resource utilization condition of local area and have better resource utilization knowledge than base station. Note that we assume base station has a lager coverage than scheduling UE. Of course, scheduling UE or base station can also collect the sensing results from UEs to assist resource allocation. 
In platooning use case, the group members would keep similar velocity in the group. If the group can use semi-static resource allocation, the communications would be more reliable due to less probability of resource handover problem. Therefore, it is beneficial to have the scheduling UE to allocate resource for member UEs.
In RAN1 AH#1901 meeting, it was agreed that a scheduled UE transmits on resource configured by scheduling UE within the group by high layer signalling in Mode 2(d). In other words, scheduling UE can send resource pool configuration or configured grant to scheduled UE by RRC signalling. It is natural that Mode 2(d) can be combined with Mode 2(a).
Proposal 6: Mode 2 (d) should be supported by joint operation of Mode 2(a) in NR V2X.
Conclusion
The following summarizes the proposals in this contribution.
Proposal 1: Resource granularity for sensing and resource selection is one subchannel in frequency-domain and one OFDM symbol or one slot in-time domain.
Proposal 2: Long term and short term sensing methods, decoded resource allocation and resource reservation information in control channel, as well as detection of sidelink transmissions should be introduced in NR V2X.
Proposal 3: One weighting function can be introduced for averaging S-RSSI in sidelink measurement process. 
Proposal 4: To alleviate IBE problem, two nearby UEs’ resources can be allocated adjacently. One weighting function can be introduced to resource selection procedure to indicate RSRP difference between UE and occupied resource.
Proposal 5: Mode 2(c) should not be standalone and can be considered as functionality of Mode 2(a).
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