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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:
· 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 
In RAN1 #96 meeting, the following agreements related to resource allocation were made [2]:
Agreements:
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase
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
Agreements:
· 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
In RAN #83 meeting, 5G V2X with NR sidelink WID related to resource allocation was made [3]:
· 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
· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 
· UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.

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. This can be regarded as distributed scheduling method. 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. 
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.
In LTE V2X, UE autonomously select resources procedure includes 
· gathering information by sensing and measurement to identify the occupied resource, 
· excluding the occupied resource to form a candidate resource sets, and 
· selecting resource from the candidate resource sets for transmission.
LTE V2X autonomous resource selection procedure can be the baseline for NR V2X.
Resource granularity for sensing and resource selection
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. Using subchannel frequency granularity can effectively reduce the complexity of blind decoding of control information, but reduce the flexibility of scheduling. However, the channel condition of V2X is very dynamic and the benefit of scheduling flexibility is small. We support to reduce blind decoding complexity by using subchannel in frequency domain. 
Proposal 1: Subchannel consists of N RBs and N can be configured by gNB or preconfigured.
Proposal 2: Resource granularity for sensing and resource selection is one subchannel in frequency-domain. 
For sensing purpose, the resource granularity in time-domain can be one slot to reduce the complexity. However, for resource selection purpose, the resource granularity in time-domain can be one symbol or one slot. For PSFCH resource selection, one or two last symbols in a slot would be enough. But for PSSCH resource selection, one slot excluded the PSFCH resource can be chosen. So it can be said the resource granularity in-time for PSSCH is one slot and for PSFCH is one OFDM symbol.
Proposal 3: For sensing purpose, resource granularity in time-domain is one slot. For resource (re-)selection, resource granularity in time-domain is one slot for PSSCH and one symbol for PSFCH. 
Sensing procedure
In LTE V2X, sensing procedure includes decoding sidelink control channel information, sidelink measurements and detection of sidelink transmissions to identify the 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 information, retransmission time gap, and priority of the packet. 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 4: SCI extracted information includes current frequency resource allocation information, resource reservation information, retransmission time gap, retransmission frequency resource allocation, and priority information.
For sidelink measurements, sidelink RSRP and RSSI defined in LTE V2X can be reused as the baseline. 
Proposal 5: Sidelink RSRP and RSSI can be used for NR V2X in measurement procedure. Further improvements can be studied.
Sensing and resource selection windows
The sensing and resource selection windows defined in LTE V2X can be reused in NR V2X. Sensing window is defined as a time interval where UE is expected to monitor the medium before resource selection triggered. In LTE V2X, the duration of sensing window is defined as 1 sec. Since the target of transmission period of NR V2X can be 10 ms for some use cases, it might be possible to reduce the sensing windows from 1 sec to lower one.
Proposal 6: The sensing window can be supported in NR V2X and the value can be FFS.
Resource selection window is defined as a time interval where UE is expected to transmit the data. It would be related to the latency requirements. However, short latency would result a short resource selection window and less resources can be selected. The priority information of latency requirement should be used to increase the probability of successful resource selection.
Proposal 7: The resource selection window can be supported in NR V2X and the value can be FFS.
RSRP
In LTE V2X, RSRP is defined as the DMRS power decoded by PSSCH. It can be reused in V2X for broadcasting services. However, in NR V2X, unicast and groupcast transmission would be supported. The data channel information and control information might be scrambled/associated by UE or group ID and the DMRS information might be not decoded by all UEs. That is, PSSCH RSRP might not be obtained for unicast or groupcast service and PSCCH RSRP can be considered as another alternative. PSCCH RSRP can be higher than PSSCH RSRP due to power boosting of PSCCH and PSSCH resource might overlap the PSCCH resource. Whether PSCCH RSRP can be used in measurement procedure should be further studied.
Proposal 8: PSSCH DMRS can be used for RSRP measurement in NR V2X for broadcasting services.
Proposal 9: Whether to use PSSCH or PSCCH DMRS for RSRP measurement in NR V2X for unicast/groupcast services can be further studied. 
RSSI
In LTE V2X, RSSI is defined as the linear average of the total received power per symbol observed in the configured subchannel by the UE. However, the environment of V2X is very dynamic. Some UEs would join and some UEs would leave in V2X communications. Linear average operation can be enhanced by a weighted average operation. Up-to-date subframes/slots with larger weights to emphasize the resource information near the selection window. For example, the weighting function can be a step function with different levels (higher levels near the selection window) or an exponential function.
Proposal 10: One weighting function can be introduced for averaging S-RSSI in sidelink measurement process. The weighting function can be a step function or an exponential function.
Resource reservation
In LTE V2X, resource reservation has been introduced for periodic traffic. This concept can be reused in NR V2X for re-transmission and new transmission under periodic or aperiodic traffics.
The main purpose of re-transmission of one TB is to resolve the problem of half duplex. The initial transmission and re-transmission resources should be in the same selection window. It might be possible that re-transmission cannot have the same frequency allocation as initial transmission of one TB and flexible resource allocation for retransmission would be used. However, we tend to select the same frequency resource allocation for initial transmission and retransmission due to minimization of frequency resource allocation indication overhead in SCI, if possible. Therefore, whether flexible or same frequency resource allocation should be further studied based on SLS evaluation. 
Proposal 11: Initial transmission and retransmission have a random time gap. FFS for flexible frequency resource allocation or same frequency resource allocation for initial transmission and retransmission.
For periodic traffic, the period is deterministic and the UE can reserve the resource with same frequency resource allocation as current transmission.
For aperiodic traffic, the UE should predict the possible arrival time of the packet and reserve the resource with same frequency resource allocation as current transmission.
For unicast/groupcast transmission, HARQ retransmission would be needed to guarantee the reliability. If the unicast/groupcast transmission does not have latency requirement and the possible transmission opportunity is outside the selection window, the resource reservation of HARQ retransmission can have same frequency resource allocation as that of initial transmission and fixed time gap. If the unicast/groupcast transmission has latency requirement and corresponding selection window is set, the resource reservation of HARQ retransmission can have flexible frequency resource allocation or same frequency resource allocation as initial transmission. Whether to use the same or flexible frequency resource allocation in HARQ retransmission should be further studied. The number of reserved resources should be the same as the maximum HARQ retransmission number. 
Proposal 12: Support resource reservation in NR V2X.
Proposal 13: Resource reservation information can be carried by SCI.
Proposal 14: Whether to use the same or flexible frequency resource allocation in HARQ retransmission should be further studied.
If an ACK is received, the reserved resources for HARQ retransmission can be released with a resource release SCI information. However, this resource release SCI information would be transmitted without any data transmission, which would result some resources waste based one some associations between control and data channels. Moreover, the response time for other UEs occupying the released resource would be short and depend on the UE processing time. Whether any UE can occupy the released resource is another question. This would result a tradeoff between resource efficiency and UE processing time and further evaluations are needed.
Proposal 15: Whether support resource release command should need further evaluation of the resource efficiency and UE processing time.
Resource selection procedure
In Mode 2(a), a UE can identify the occupied resource by the sensing procedure and then choose all or part of available resources can fit to control and data payload size then pass the information to MAC layer to do resource selection. MAC layer can reuse LTE V2X principle to randomly select the resource.
IBE problem
One of NR V2X requirement is to support high connection density for congested traffics [4]. 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 can 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. In Fig. 1, PRR performance comparison with and without IBE effect under urban scenario is shown. IBE would severely degrade the PRR performance and should be mitigated. 
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 16: IBE problem should be considered in NR V2X. 
Proposal 17: 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.
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Figure 1. PRR performance with/without IBE effect. 
Resource reselection
In order to prevent continuous overlapping resource utilization between two UEs, resource should be reselect after some (pre-) configured time. This reselection mechanism can reuse that of LTE V2X. Set a counter/timer to a (pre-) configured value and a (pre-) configured probability p. With probability p, the UE keeps the current resource selection and reset the counter/timer. With probability 1-p, the UE should reselect the resource. 
Since the collision might happen when two or more UEs reselect resource at the same slot or similar selection window, it would be better to let different UEs choose different time slots or selection windows to reselect resource. When a UE decides to reselect resource, this UE should announce the resource reselection timing at a random timing before the counter/timer expired. This UE should also monitor how many UEs announced to reselect resource in the time slot or selection window. If the number of announced UEs is larger than a threshold, this UE should shift the selection timing and check till the number of announced UEs is less than the threshold. The threshold can be a fixed/(pre-) configured value or depend on the channel busy ratio or the ratio of occupied resource in selection window with a (pre-) configured RSRP threshold. During the checking duration, this UE can keep the current resource. 
Proposal 18: A UE should announce the resource reselection timing and monitor the number of announced UEs to avoid possible collision.
PSFCH resource selection
Unicast/groupcast transmission might have ACK/NACK HARQ feedback. The feedback channel can be PSFCH (Physical Sidelink Feedback Channel) and allocated at the last or last several OFDM symbol in one slot. There are two alternatives to select PSFCH resources: 
Alt. 1: Rx UE selects the resource and
Alt. 2: Tx UE selects the resource. 
In Alt. 1, Rx UE senses the available resource and selects the resource. Since the Rx UE might only transmit ACK/NACK feedback without any data transmission and the resource granularity of this sensing is one OFDM symbol in-time, additional sensing procedure should be performed at Rx UE and the resource granularity of this sensing is too small thus low precision. 
[bookmark: _GoBack]In Alt. 2, Tx UE should sense the available resource for data transmission and can reserve the ACK/NACK feedback resource after fixed/(pre-)configured time gap from transmitted time slot. Other UEs can decode the SCI to obtain the reserved feedback resource information and mark this symbol resource as occupied. The data transmission from other UEs should avoid overlapping the reserved feedback resource. Furthermore, the ACK/NACK feedback resource can be implicitly associated with Tx UE PSCCH/PSSCH transmission. For example, the starting frequency resource allocation of ACK/NACK feedback can be the same as or with a shift to that of Tx UE PSSCH/PSSCH. Using implicit frequency resource association can minimize the signaling overhead.
From the above analysis, Alt. 2 is more attractive than Alt. 1.
Proposal 19: PSFCH resource can be selected by Tx UE and the time gap between data transmission and feedback resource can be fixed or (pre-) configured. The ACK/NACK feedback resource in frequency-domain can be implicitly associated with Tx UE PSCCH/PSSCH 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 traffics 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 or resource pattern indication should be carried in SCI is needed for Mode 2(c). However, sensing or blind detection of a lot of resource patterns is very complicated to implement. If resource pattern indication is carried by SCI, it is similar to resource reservation and resource reservation has more flexibility. 
Proposal 20: The benefit of Mode 2(c) is not clear. Mode 2(c) is not supported in NR V2X. 
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). However, UE relaying resource pool configuration or resource configuration is not supported in Rel-16 NR V2X was agreed in RAN plenary meeting #83 due to tight schedule of Rel-16. Therefore, Mode 2(d) should be removed in Rel-16 discussion and can be further discussed in next Release.
Proposal 21: Mode 2 (d) can be removed in Rel-16 and further discussed in next Release.
Conclusion
The following summarizes the proposals in this contribution.
Proposal 1: Subchannel consists of N RBs and N can be configured by gNB or preconfigured.
Proposal 2: Resource granularity for sensing and resource selection is one subchannel in frequency-domain. 
Proposal 3: For sensing purpose, resource granularity in time-domain is one slot. For resource (re-)selection, resource granularity in time-domain is one slot for PSSCH and one symbol for PSFCH.
Proposal 4: SCI extracted information includes current frequency resource allocation information, resource reservation information, retransmission time gap, retransmission frequency resource allocation, and priority information.
Proposal 5: Sidelink RSRP and RSSI can be used for NR V2X in measurement procedure. Further improvements can be studied.
Proposal 6: The sensing window can be supported in NR V2X and the value can be FFS.
Proposal 7: The resource selection window can be supported in NR V2X and the value can be FFS.
Proposal 8: PSSCH DMRS can be used for RSRP measurement in NR V2X for broadcasting services.
Proposal 9: Whether to use PSSCH or PSCCH DMRS for RSRP measurement in NR V2X for unicast/groupcast services can be further studied. 
Proposal 10: One weighting function can be introduced for averaging S-RSSI in sidelink measurement process. The weighting function can be a step function or an exponential function.
Proposal 11: Initial transmission and retransmission have a random time gap. FFS for flexible frequency resource allocation or same frequency resource allocation for initial transmission and retransmission.
Proposal 12: Support resource reservation in NR V2X.
Proposal 13: Resource reservation information can be carried by SCI.
Proposal 14: Whether to use the same or flexible frequency resource allocation in HARQ retransmission should be further studied.
Proposal 15: Whether support resource release command should need further evaluation of the resource efficiency and UE processing time.
Proposal 16: IBE problem should be considered in NR V2X. 
Proposal 17: 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 18: A UE should announce the resource reselection timing and monitor the number of announced UEs to avoid possible collision.
Proposal 19: PSFCH resource can be selected by Tx UE and the time gap between data transmission and feedback resource can be fixed or (pre-) configured. The ACK/NACK feedback resource in frequency-domain can be implicitly associated with Tx UE PSCCH/PSSCH resource.
Proposal 20: The benefit of Mode 2(c) is not clear. Mode 2(c) is not supported in NR V2X. 
Proposal 21: Mode 2 (d) can be removed in Rel-16 and further discussed in next Release.
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