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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#83, a WI on NR V2X was agreed. The WI has the following objectives related to sidelink resource allocation [1]:
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.
· […]
· 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 RAN1#96bis [2], the following agreement for SL resource allocation mode 1 was achieved
Agreements:
· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.
· A configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions.
· UE decides which TB to transmit in each of the occasions indicated by a given configured grant.
· FFS: whether different transmissions of a TB can take place across multiple configured grants.
· Other restrictions on what can be transmitted in a given configured grant (e.g., based on QoS, destination UE, etc.) are up to RAN2.
Besides, in RAN2#96bis [3], the following agreement for SL resource allocation mode 1 was achieved
Agreements on SL configured grant: 
1: 	Multiple active configured sidelink grants should be supported in NR sidelink.
2: 	A confirmation for activation/deactivation of SL configured grant type-2 is needed. Details are FFS.

In this paper, we discuss NR V2X mode 1 sidelink resource allocation/configuration. In particular, we discuss about NR SL mode-1 scheduled and configured grant (type-1 and type-2) resource allocations.  Note that in companion paper [4], we discuss NR SL mode 2 resource allocation/configuration and in companion paper [5], we discuss LTE Uu being used to control NR sidelink.
2 [bookmark: _Ref129681832]NR SL mode 1 resource allocation 
2.1 Reliability and latency control
2.1.1 Dynamic Scheduling
In RAN1#96bis, it was agreed that a dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.  LTE V2X mode 3 supports up to two transmissions scheduled by one DCI, where the gap between the two transmissions is signaled in DCI and SCI. Due to the higher reliability and lower latency requirements of NR V2X, more than two transmissions signaled by DCI should be supported. How to efficiently schedule more than two transmissions of a single TB in one DCI/SCI should be investigated.
Proposal 1: To meet latency and reliability requirements, NR V2X mode 1 dynamic grant should support more than two transmissions of a single TB. 
· How to efficiently schedule more than two transmissions of a single TB in one DCI/SCI should be investigated.

In order to support flexible resource pool selection within a SL BWP, multiple resource pools can be configured by RRC signaling, and one resource pool indicated in DCI. In this case, whether the size of frequency domain resource allocation in DCI for dynamic grants in mode 1 depends on SL BWP or SL resource pool should be determined.
Proposal 2: Frequency domain resource allocation in DCI for Mode 1 is based on (FFS between) either size of SL BWP or size of SL resource pool.
2.1.2 Configured grant scheduling
Configured grant type 1 and type 2 are supported for NR V2X mode 1 SL resource allocation, which include TB repetition not triggered by feedback and frequency hopping. 
Configured grant resource configuration should include at least time-frequency resource related information, as discussed in more detail in Section 2.2. For NR UL CG, the repetition is done in slots which are logically consecutive, i.e. a transmission is dropped if it is conflict with the UL/DL transmission direction configurations. Since in shared carriers the Uu transmissions will affect the available REs per slot, and the sidelink slot format indication may in general be in non-consecutive slots (whether flexible and/or uplink), this Uu constraint cannot apply to the sidelink. In sidelink this has the added benefit of helping  resolve persistent collisions and improve the reliability [4]. 
Proposal 3: For NR SL mode 1, repetition or blind retransmission in non-consecutive slots is supported. 
In order for the gNB to optimize the mode-1 configured grant resource allocation while taking into consideration the sidelink half-duplex constraint, UE-specific TFRPs can be configured or indicated to the UEs for configured grant type 1 and type 2, respectively.
Proposal 4: TFRPs are configured via RRC for type-1 configured grant and indicated in DCI for configured grant type 2.
As all transmission parameters including scheduling information for configured grant type-1 resource allocation, and some information such as periodicity for configured grant type-2 resource allocation, are signaled to the Tx UE via semi-static RRC signaling, there is the opportunity to configure the Rx UE also via higher layer signaling rather than repeating the same information in SCI for each TB transmission, in order to save on physical layer control channel signaling overhead. SCI can represent more than 50% overhead for certain vehicle platooning scenarios including cooperative driving information exchange between a group of UEs supporting V2X application and reporting needed for platooning between UEs supporting V2X application and between a UE supporting V2X application and RSU [6]. In addition, for some advanced driving applications, such as emergency trajectory alignment between UEs supporting V2X application, it is required to deliver large packet sizes (2000 bytes) within 3 ms latency and with very high reliability of 99.999%. For some other applications such as sensor information sharing between UEs supporting V2X applications, the same stringent latency and reliability requirements are expected to be met to deliver SL data rates as high as 50Mbps [6]. The primary target of configured grant schemes is to achieve high reliability within a small latency budget. Thus by saving the SCI overhead more repetitions or retransmissions can be allowed for configured grant transmissions compared with LTE V2X SPS solution (which uses SCI for each TB), when UE processing time latencies are taken into account. More repetitions or retransmissions within the small latency budget automatically translate into higher reliability. Also, for packet sizes of 2000 bytes and 50Mbps data rates too many radio resources would be wasted on SCI that would otherwise be used for data transmission in order to achieve the stringent latency and reliability requirements for the above referenced applications.
Both RRC signaling conveyed from gNB through Uu interface and from Tx UE through PC5 interface can be considered, the latter option having the advantage of allowing to accommodate Rx UEs that are outside of gNB coverage. For Rx UEs which are under gNB coverage, either or both options can be supported, however, for the sake of unified design, configuring Rx UE through PC5 RRC is preferred. 
Proposal 5: For configured grant type-1, no PSCCH is associated with PSSCH and Rx UE is configured through PC5-RRC signaling.
2.2 CG Type 1 resource configuration 
In RAN1#96bis, it was agreed that configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions. The set of resources correspond to a TFRP and which can be configured in a periodic manner. Therefore, the resource configuration should include the periodicity and starting time offset of the TFRP, and the size and locations of the time-frequency resources. Since repetition or blind retransmission has been agreed for NR V2X SL, a RV sequence to be used for repetitions should also be configured to the UE for SL CG transmissions. In addition, similar to NR UL CG, DMRS configuration and MCS should also configured to the UE for NR SL configured grant.     
Proposal 6: For SL configured grant Type 1 in Mode 1, the configuration includes at least the following content:
· An offset, periodicity, length, RV sequence, indication of time-frequency resources, DMRS configuration, and MCS. 

2.3 Multiple configured grant (CG) configurations for SL
In RAN2#96, it has been agreed to support multiple active sidelink configured grants. From RAN1 perspective, it should be clarified that multiple active parts are supported per SL BWP per cell, rather than e.g. having to be split among multiple cells.
Proposal 7: Clarify that the multiple configurations of mode 1 SL configured grants are per SL BWP per cell.
In RAN1 #96bis meeting, there was agreed to further study whether different transmissions of a TB can take place across multiple configured grants in Type 1 and Type 2 CG transmission. In our view, different transmissions of a TB should not take place across multiple configurations. The main reason is the added blind detection complexity at the Rx UE which would scale with the number of active CG configurations. Besides multiple configurations are independently configured and meant to support different types of services for a UE, including different latencies, traffic types and packet sizes. It is very difficult to optimize blind retransmissions across multiple configurations, especially in case of a mismatch between different configured resources, MCS etc. used in different configurations.
Proposal 8: Retransmissions of a TB are confined within a single configuration of configured grant.
2.4 CG HARQ Operation
In NR UL configured grant, multiple HARQ processes are supported and HARQ process ID is derived from the physical resources. A similar mechanism for determining HARQ process ID can be adopted for SL configured grant. The RV can be determined based on the RV sequence for repetitions that is configured to the UE.  In this case, an associated SCI to indicate the HARQ process ID and RV is not needed for SL CG transmissions.  
Proposal 9: Similarly to NR UL configured grant, HARQ process ID of SL configured grant should be determined as a function of the physical resources.

If the Rx UE successfully receives a SL CG transmission (either the initial transmission or one of the retransmissions) of the TB before all the retransmissions have taken place, it would be efficient from a resource utilization perspective to inform the Tx UE so that blind retransmissions can be terminated.
Similar to NR UL configured grant transmission, the SL CG are not in general in consecutive slots, and the non-consecutive nature is more pronounced on SL.  Given the potential time gap between different repetitions of the same TB, there is a strong motivation for the Tx UE to terminate the blind retransmission early in the event of receiving an ACK. Therefore, Rx UE should send an ACK to the Tx UE if it successfully decodes the TB before the last blind retransmission.  In case all the blind retransmissions are needed, the Rx UE will send ACK/NACK after the last of them, as usual.
For groupcast transmission, the blind retransmission may be terminated if ACKs from all Rx UEs in the group are received by Tx UE. 
Proposal 10: For a UE configured/scheduled with repetitions of a TB, early termination based on ACK received from Rx UE should be supported.
2.5 SL resource utilization under Uu RRC connection interruption
The use of an in-coverage SL resource grant or configuration may sometimes need to be extended even though the UE experiences a (short) interruption to network connectivity, including cases leading to switching between or simultaneously operating the two SL modes 1 and 2. Two main reasons for continued use of a resource grant or configuration are: 
· 1) Sudden changes in the gNB coverage, e.g., severe temporary fading due to highly mobile and dynamic vehicular environment; and
· 2) Predictable gaps in the network reachability, e.g., tunnels without coverage or coverage gaps in the early stages of NR deployment, where vehicular UEs experience longer, but time-limited out-of-coverage conditions. 
In Rel-14/15 LTE-V2X, as soon as they enter out-of-coverage, UEs resort to sensing-based autonomous resource selection mode (Mode 4) to perform SL V2X transmissions, “exceptional pools” are used before the sensing result is available, and when the sensing result is available, the resource pools broadcast by the eNB or pre-configured resource pools will be used for data transmission. 
However, in any of the above cases, the performance of NR SL V2X communications for a UE switching for a short while to Mode 2 operation will be degraded:
· Ongoing SL V2X Mode 1 transmission/receptions are delayed or ceased due to not receiving control information from gNB, particularly during a severe temporary fading, which may degrade the performance of safety applications.
· Upon loss of coverage without any notice in advance, where UEs switch from SL Mode 1 to Mode 2, difference in the availability of resources in different modes will degrade the performance of advanced V2X use cases.
Observation 1: Switching from Mode 1 to Mode 2 sidelink operation due to short-term interruptions in RRC connectivity can impact the performance of advanced V2X use cases.
On the other hand, following the agreement “support for simultaneous configuration of Mode 1 and Mode 2 for a UE” among the objectives of the WID [1], SL resource utilization under simultaneous operation of modes or across the modes requires careful analysis. For example, in case of in-coverage both modes can be simultaneously active. However, in case of out of coverage, only Mode 2 is guaranteed to be active. In case of short term interruptions in RRC connectivity, this could result in frequent switching between the modes, since all services provided by Mode 1 would need to be switched over to Mode 2. Therefore, careful resource allocation for each mode and between modes needs to be specified in order to ensure efficient SL operation.
Observation 2: Procedures for switching among resource allocation modes, or simultaneous usage of them, need to account for maintaining the QoS needed by ongoing services for a UE.
To satisfy the stringent requirements for the advanced V2X use cases, the handling of advanced V2X use cases when the loss of RRC connectivity is only brief, whether predicted or unpredicted from the network’s point-of-view, is worth defining.
In the case of unpredicted interruption, e.g., sudden vehicular environment variation causing fading (e.g., by blocking the LOS on the Uu link), gNB can pre-configure a default UE behavior, which allows the UEs to continue using their already-allocated resources, (e.g., configured grants). The usage is allowed until a configured threshold, e.g., of time, is reached by the UE, and can take place across different SL operation modes, i.e., a UE operating Mode 1 or simultaneous Mode 1 and 2 may reconnect upon resumption of Uu connection, or it may switch to Mode 2 operation, during that time. In the latter case, UE may still use its “Mode-1” resources under Mode-2 until the threshold condition is met. An example is shown in Figure 1.
UE experiences RRC connection interruption
UE transmissions in RRC connected state, e.g., using SL grants (pre-)configured by gNB
Uninterrupted UE transmissions continue using the same grant during the RRC connection interruption
UE releases the resources when e.g., the timer configured by gNB expires
UE switches to different resources under mode 2
…
Time
Frequency

Proposal 11: To maintain reliable SL transmissions when a UE experiences RRC connection interruption, gNB provides a configuration allowing use of current configured grant(s) until a configured threshold (on e.g. time) is reached, irrespective of whether the UE switches its SL mode of operation.

Figure 1 illustrates an example where SL Mode-1 resources continue to be used by a UE until the threshold is met. During this time, UE may re-establish its connection to the network. Then, the performance of ongoing V2V transmissions remains unaffected. Otherwise, UE eventually switches to new resources under Mode-2 operation, e.g., the ones selected autonomously as a result of sensing procedure.
2.6 Uu-based sidelink interference coordination 
In order to ensure low interference in NR SL transmission mode 1, gNB can exploit the knowledge of UE geographic location (e.g., obtained via GPS and reported periodically by the UE to the network). Reuse of a time-frequency resource is then possible whenever UEs are sufficiently far apart. This is equivalent to imposing a minimum reuse distance. The disadvantage of this location-based reuse strategy is that it does not take into account the actual physical propagation of waves (i.e., the wireless channel). For example, whereas two vehicles on the highway may need to be a few miles away to transmit on the same resource with negligible interference, the situation may be very different in an urban environment where buildings shield most interference between nearby parallel streets. In addition, in case of Mode-1 / Mode-2 resource pool sharing, the sidelink scheduler for mode-1 UEs is unaware of potential interference from Mode-2 UEs. Finally, Rel-14 LTE sidelink focused on broadcast traffic. However, Rel-16 NR sidelink needs to support unicast, multicast/groupcast, and broadcast. While receiver feedback in case of broadcast is not a feasible solution due to potentially large number of receivers, for unicast and broadcast it might provide benefits when it comes to resource selection. 
To support Mode 1 resource allocation, a UE (e.g., when requesting resources) may report measurements such as S-RSSI observed in a given resource or set of resources. Alternatively, the UE may report a set of best or preferred resources. Based on this information, the gNB sidelink scheduler can schedule sidelink transmissions in an interference-aware fashion.
Proposal 12: UEs may report measurements, or information derived from such measurements (e.g., preferred resources), to support sidelink scheduler.
2.7 Interference-aware sidelink scheduling
Physical sidelink resources can be used more efficiently if interference between nearby UEs can be avoided. This can be done at transmit and/or receive UE side, e.g., by multi-antenna signal processing techniques. If the ability to mitigate interference to/from nearby UEs in the sidelink is reported by the UEs to the gNB, this information can be considered as an input to the sidelink scheduler.
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[bookmark: _Ref528234445]Figure 3. Interference suppression by receiving (left) and transmitting (right) UE. Reporting to gNB information on the ability to suppress sidelink interference is therefore essential.
As shown in Figure 3, when UE  requests a sidelink resource for transmission to UE , it may report to the gNB a list  including one or more nearby UEs  toward which it can limit interference under a certain threshold when transmitting to UE  on the particular resource.Similarly, on the receive side, UE  may report a list including one or more nearby UEs  from which it can suppress interference when receiving from UE  on the particular resource The sidelink scheduler (gNB) can then exploit this knowledge and schedule non-conflicting nearby transmissions potentially on the same resources, thus increasing resource reuse.
Proposal 13: UEs may report to gNB information on their ability to suppress interference to/from other UEs, to assist gNB scheduling and resource allocation. 

3 Enhancements for NR SL resource pool configuration
3.1 Reducing the impact of high mobility on sidelink resource allocation
When reserving periodic resources for a certain resource reselection period, the selected resources may quickly experience higher interference than expected at the time of resource selection. For example, on a two-way street, a quickly approaching vehicle may soon (i.e., within the resource reselection period) cause interference at a receiver, which the transmitter could not have predicted at the time of resource selection.
Observation 3: UE motion may adversely impact the performance of sidelink resource allocation.
To reduce the impact of high mobility on the performance of sidelink resource allocation, the gNB may configure a set of UE motion vector classes (e.g., velocity vectors) and associated resource pools. Based on this configuration, the UE may determine the class it belongs to by comparing its current state of motion with the configured classes. The UE may then select a resource pool based on the class it belongs to.
Figure 3 shows a motion-based resource pool configuration example in a highway scenario. In this example, the network configures four motion classes (slow and fast lanes in each direction) and allocates orthogonal resource pools to each motion class.
[image: ]
[bookmark: _Ref528662410]Figure 4. Motion-based resource pool configuration example (highway scenario).
In order to prevent the loss of spectral efficiency as a result of partitioning (i.e., due to pool underutilization), the size of the resource pool(s) assigned to a given class may be adapted based on the number of vehicles in the class and/or their current traffic demand.
In case of GF (type-1 configured grant) transmissions, in a highway scenario, one example of assigning TFRPs inside the resource pools is as follows: odd slots may only be used by eastbound UEs, whereas even slots may only be used by westbound UEs. The TFRPs are then defined so that an “eastbound TFRP” consists only of odd slots, whereas a “westbound TFRP” consists only of even slots. Such a “motion-aware TFRP” may be used for periodic or aperiodic traffic and it can be reconfigured depending on the traffic characteristics in each direction.
Proposal 14: Configuration of resource pools based on e.g. direction or speed of travel of UEs that use the pool is supported.
4 Conclusions 
In this contribution, we discussed NR V2X sidelink resource allocation by NR Uu and LTE Uu. The discussion and analysis lead to the following observation and proposals:
Proposal 1: To meet latency and reliability requirements, NR V2X mode 1 dynamic grant should support more than two transmissions of a single TB. 
· How to efficiently schedule more than two transmissions of a single TB in one DCI/SCI should be investigated.
Proposal 2: Frequency domain resource allocation in DCI for Mode 1 is based on (FFS between) either size of SL BWP or size of SL resource pool.
Proposal 3: For NR SL mode 1, repetition or blind retransmission in non-consecutive slots is supported. 
Proposal 4: TFRPs are configured via RRC for type-1 configured grant and indicated in DCI for configured grant type 2.
Proposal 5: For configured grant type-1, no PSCCH is associated with PSSCH and Rx UE is configured through PC5-RRC signaling.
Proposal 6: For SL configured grant Type 1 in Mode 1, the configuration includes at least the following content:
· An offset, periodicity, length, RV sequence, indication of time-frequency resources, DMRS configuration, and MCS
Proposal 7: Clarify that the multiple configurations of mode 1 SL configured grants are per SL BWP per cell.
Proposal 8: Retransmissions of a TB are confined within a single configuration of configured grant.
Proposal 9: Similarly to NR UL configured grant, HARQ process ID of SL configured grant should be determined as a function of the physical resources.
Proposal 10: For a UE configured/scheduled with repetitions of a TB, early termination based on ACK received from Rx UE should be supported
Proposal 11: To maintain reliable SL transmissions when a UE experiences RRC connection interruption, gNB provides a configuration allowing use of current configured grant(s) until a configured threshold (on e.g. time) is reached, irrespective of whether the UE switches its SL mode of operation.
Proposal 12: UEs may report measurements, or information derived from such measurements (e.g., preferred resources), to support sidelink scheduler.
[bookmark: _GoBack]Proposal 13: UEs may report to gNB information on their ability to suppress interference to/from other UEs, to assist gNB scheduling and resource allocation. 
Proposal 14: Configuration of resource pools based on e.g. direction or speed of travel of UEs that use the pool is supported.

Observation 1: Switching from Mode 1 to Mode 2 sidelink operation due to short-term interruptions in RRC connectivity can impact the performance of advanced V2X use cases.
Observation 2: Procedures for switching among resource allocation modes, or simultaneous usage of them, need to account for maintaining the QoS needed by ongoing services for a UE.
Observation 3: UE motion may adversely impact the performance of sidelink resource allocation.
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