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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#84, a revised 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
In RAN1#96bis and RAN 1 #97 [2, 3], the following agreements for SL resource allocation mode 1 were 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.

Agreements:
· For mode 1:
· A dynamic grant by the gNB provides resources for transmission of PSCCH and PSSCH.
· NR sidelink does not support performing different transmissions of a TB using different configured grants.
Regarding LTE Uu configuration of NR sidelink, the agreements achieved so far are as follows:
Agreements @ RAN1#94bis 
It is supported that LTE Uu provides at least necessary semi-static configuration for NR mode-2 SL communications
FFS details
Further study impact and benefits of LTE Uu managing NR mode-1 SL communications

Agreements @ RAN1-AH-1901
· LTE Uu to schedule NR sidelink mode 1 is supported: 
· The support is done based on type 1 configured grant with configuration restricted to time/frequency resources & periodicity, with the condition that no additional function/procedure is to be introduced for LTE Uu
· Both DCI based scheduling and type 2 configured grant scheduling are not supported for scheduling NR sidelink mode 1

RAN2#105bis
Agreements on inter-RAT resource allocation: 
2:	LTE Uu supports configuration for NR mode-2 operation through RRC signaling and through SIB signaling. However, on demand or per valid area mode-2 configuration via SIB signaling is not supported.


1: 	New system information block type should be designed to support NR sidelink Tx and Rx resource pool configuration via LTE Uu. New system information will be defined as container (OCTET STRING) and actual information will follow what is defined in NR RRC.
2:	eNB should be able to configure the NR V2X mode 2 sidelink resource pool or type 1 configured grant for NR V2X sidelink communication via dedicated signalling.
3:	NR Sidelink UE information and/or NR UE Assistance information will be transmitted as container (OCTET STRING) and actual information will be defined in NR RRC.

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. We also discuss LTE Uu being used to control NR sidelink. Specifically, we provide details on NR mode 1-Type 1 configured grant configuration by LTE Uu and how eNB configures the resources for NR mode 2. 
Note that in companion paper [4], we discuss NR SL mode 2 resource allocation/configuration. 
2 [bookmark: _Ref129681832]NR SL mode 1 resource allocation 
2.1 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. 
 [image: cid:image004.png@01D55361.E63AE450]
Fig. 1 Reliability of data transmission with different numbers of repetitions for a TB size of 2000 bytes and 16QAM.
One of the performance requirements for advanced driving such as emergency trajectory alignment between UEs supporting V2X application is to achieve 10^-5 reliability and 3ms latency for packet sizes of 2000 bytes. Fig. 1 shows the BLER performance of different numbers of repetitions using a TBS of 2000 bytes and 16QAM using 48RB (close to 20MHZ BW). It can be seen from the figure that in order to achieve the 10^-5 reliability requirement at SNR of 5dB, at least 4 TB repetitions are needed. 
How to efficiently schedule at least 4 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 at least 4 transmissions of a single TB. 
· How to efficiently schedule at least 4 transmissions of a single TB in one DCI/SCI should be investigated.
Considering that UE-specific BWP is configured for sidelink communication, different resource pools within the SL BWP for a Tx UE can target different Rx UEs. If only one Tx resource pool is configured by RRC signaling, RRC reconfiguration is needed to support flexible communication between Tx UE and Rx UE. In order to avoid the transmission delay caused by RRC reconfiguration, flexible Tx resource pool selection within a SL BWP should be supported. A possible scheme is that multiple Tx resource pools are configured by RRC signaling, and one Tx resource pool is indicated in DCI. For example, if four Tx resource pools are configured in the SL BWP for a UE, Tx resource pool ID field with 2 bits can be designed in DCI to indicate the Tx resource pool for sidelink transmission.
Proposal 2: Tx resource pool ID is indicated in DCI to support flexible Tx resource pool selection within a SL BWP.
2.2 Configured grant scheduling
In RAN1 AH #1901, the following agreement was reached
Agreements:
· When NR Uu schedules NR SL mode 1, both type 1 and type 2 configured grants are supported for NR SL 
Therefore, both configured grant type 1 and type 2 are supported for NR V2X mode 1 SL resource allocation. Importantly, the above agreement stipulates that both type 1 and type 2 configured grants, as specified in NR Uu, are supported for NR sidelink. This is so because configured grant type 1 and type 2 terminology has been recently introduced in NR Release 15 and did not exist in either LTE or LTE V2X. In our understanding, this implies that the main principles/features of NR Uu configured grant type 1 and type 2 are to be applied to NR SL. At least for type 1, we believe the main principle of NR configured grant is that the Tx UE is configured for data transmission through semi-static RRC signaling and that no resources for additional dynamic scheduling of data transmissions are included in the configured grant. This fundamental principle of CG type 1 resource allocation should be preserved when applying type 1 CG to NR SL, otherwise the previous agreement would not be respected. Moreover, in Uu, a CG by the gNB provides resources for transmission of PUSCH. Similarly, a configured grant for NR SL by the gNB shall provide resources for transmission of PSSCH. In addition, as per the RAN#84 guidance: “In order to expedite the V2X sidelink work, RAN1 is advised to reuse NR Uu design and/or LTE sidelink design to the greatest extent appropriate, unless there are strong reasons to deviate from these.” No such strong reasons to deviate from the NR Uu CG design have been identified. Therefore we have the following proposal:
Proposal 3: Similarly to a configured grant for NR Uu by the gNB that provides resources exclusively for data transmission by the UE on PUSCH, a configured grant for NR SL by the gNB provides resources exclusively for data transmission by the UE on PSSCH.
Along the same lines, MCS is another parameter that is configured by gNB for Uu CG (i.e. via RRC for Type 1 and activation DCI for Type 2). Again, we think this should also be the case for SL CG, i.e. gNB should be able to specifically configure the MCS to Tx UE. It has been suggested by a few companies that gNB shall configure a range of MCS values from which Tx UE can autonomously select values. Aside from the fact that this would be reverting the agreement that NR SL CG be based on NR Uu CG, we believe this kind of procedure would reduce the network control over the resources and its ability to manage the interference levels across the network. Also, MCS for SL CG is likely to be conservative since there is a need to maintain high reliability in order to meet the latency/reliability requirements of advanced V2X use cases. Besides, on the SL, interference rather than accurate adaptation to channel variations constitutes the main mitigating factor, thus a semi-static MCS value configured by the network is more beneficial to optimizing the SL system performance in mode 1 than autonomous link adaptation. If Tx UE is allowed to dynamically and autonomously select the MCS or other parameters, then such autonomous operation should be indicated to the Rx UE through SCI. Nevertheless, typically no PSCCH needs to be associated with PSSCH for CG, as Rx configuration can be done semi-statically, thus saving control channel resource, among other benefits, as discussed below. Moreover, in the unlikely event that more flexible MCS adaptation for SL CG is needed, such adaptation can still be achieved via multiple CG configurations, an already agreed feature, with each CG configuration possibly corresponding to a different MCS value. 

TB repetition not triggered by feedback, as well as frequency hopping are defined for NR Uu CG. Therefore, configured grant resource configurations 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 improving the reliability [4]. 
Proposal 4: 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 5: TFRPs are configured via RRC for type-1 configured grant and indicated in DCI for configured grant type 2.
Latency, reliability and resource efficiency also need to be taken into account for the time-frequency resource pattern (TFRP) configuration. Each TB repetition can use the redundancy version according to (pre)configuration. 
2.2.1 SL CG latency/reliability considerations
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 instead of repeatedly indicating the same information in SCI for each TB, thereby saving non-negligible signaling overhead. This is all the more relevant because SCI can represent more than 50% overhead for certain vehicle platooning scenarios with relatively small packet sizes (50 bytes) 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 [5]. In addition, for some advanced driving applications, such as emergency trajectory alignment between UEs supporting V2X application, it is required to deliver relatively 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 [5]. 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. 
As a concrete example, consider two CG transmission schemes, namely scheme 1 (with standalone PSSCH) and scheme 2 (with associated SCI for each PSSCH), as illustrated in Fig. 2.a and Fig. 2b, respectively, and let us compare how these two schemes fare in terms of meeting the requirements for emergency trajectory alignment between UEs supporting V2X application, i.e. TB size of 2000 bytes, 3 ms latency and 99.999% reliability. Let us assume that 30kHz SCS and 48 RBs (~20 MHz) bandwidth are used by both schemes. Note that for slot based transmission, some symbols of a slot are not used for control or data transmission (i.e. 1 symbol for AGC, 2 DMRS symbols and 1 symbol for Tx/Rx switch). For Scheme 2, it is assumed that PSCCH and PSSCH are TDMed, and that SCI occupies two OFDM symbols of a slot. This is a rather optimistic assumption from a latency perspective for Scheme 2 in order to achieve the 99.999% reliability requirement for PSCCH.
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Fig. 2a Scheme 1 with standalone PSSCH 
[image: ]
Fig. 2b Scheme 2 with associated SCI for each PSSCH 

Based on the above assumptions, our link level simulations show that fewer repetitions are needed to achieve 10^-5 reliability for PSSCH for Scheme 1 than for Scheme 2. Accordingly, Scheme 1 is able to meet the 3ms latency requirement with 4 blind retransmissions, whereas Scheme 2, which requires at least 5 repetitions to achieve the same level of reliability, is not.

Proposal 6: In order to meet the latency/reliability requirements of advanced NR V2X use cases, at least for SL configured grant type 1, no PSCCH is associated with PSSCH.

2.2.2 Rx UE configuration for SL CG
In order to configure Rx UEs for the reception of standalone PSSCH in the case of mode 1 CG, both RRC signaling conveyed from gNB through Uu interface or 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.
PC5 RRC can be used to configure Rx UE(s) for unicast and groupcast scenarios. However, it is currently not an option for configuring Rx UEs in the case of broadcast scenario, as broadcast PC5 RRC is not supported in release 16. In this case, it is proposed that Tx UE sends a periodic SCI to configure Rx UEs for the broadcast scenario. Note that such periodic SCI need not be associated with any PSSCH. The configuration SCI needs to be periodic rather than being a one-shot SCI in order to allow for Rx UE(s) configuration update in situations where the Rx UEs within the Tx UE broadcast coverage change, as likely to be the case in a vehicular environment.
Proposal 7: For SL configured grant, Rx UE(s) are configured through PC5-RRC signaling for unicast and groupcast scenarios. A periodic SCI is used to configure Rx UEs in the case of broadcast scenario.
2.2.3 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. 
Using configured grant type 1, it is also possible to configure sidelink transmissions that are robust to any interruptions of gNB coverage, e.g., the Uu RRC link, which is likely to occur in highly dynamic vehicular environments. To satisfy the stringent requirements of the advanced V2X applications, brief loss of Uu connectivity could be handled by configuring a default behavior for the Tx UEs, which allows them to continue using their already-allocated configured grants. The usage is allowed until a configured threshold, e.g., of time, is reached by the UE. Within this time, ongoing SL V2X Mode 1 transmissions remain unaffected, which would otherwise be delayed (e.g., due to the need to switch to Mode 2 operation) or ceased altogether. To maintain reliable SL transmissions when a UE experiences RRC connection interruption, gNB provides a configuration allowing for use of current configured grant(s) until a configured threshold (on e.g. time) is reached.    
Proposal 8: 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, retransmission configuration, MCS, and a threshold defining the validity of the grant upon Uu RRC connection interruption. 

2.2.4 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 configured grants are supported per SL BWP per cell, rather than e.g. having to be split among multiple cells.
Proposal 9: Clarify that the multiple configurations of mode 1 SL configured grants are per SL BWP per cell.
2.2.5 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 10: 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 11: For a UE configured/scheduled with repetitions of a TB, early termination based on ACK received from Rx UE should be supported.
2.3 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.
2.4 Interference-aware sidelink scheduling
Physical sidelink resources can be used more efficiently if interference between nearby UEs can be mitigated. One way to avoid sidelink interference is e.g. by using multi-antenna transmission and/or reception techniques at the UEs, when corresponding sidelink measurements can be done by the UEs. In order that the UEs’ capability to mitigate sidelink interference can be considered by the gNB scheduler, this information needs to be reported by the UEs to the gNB. Then, the sidelink scheduler can schedule interference-aware sidelink transmissions potentially on the same resources, thus increasing resource reuse.
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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 can be used for link scheduling.
As also shown in Figure 3, when UE  requests a sidelink resource for transmission to UE , it may report to the gNB a list of one or more nearby UEs  toward which it can limit interference e.g. 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. 
Proposal 13: UEs report to the gNB a list of nearby UEs to/from which they can mitigate sidelink interference on particular resources, in order 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 1: 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 4 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.
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[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 LTE Uu Controlling NR SL
When NR sidelink mode-1 is controlled by gNB, dynamic scheduling, and configured grants of type 1 and type 2 are supported. When controlled by eNB, neither dynamic scheduling nor type 2 configured grant are supported, and the support of NR sidelink mode-1 is based on type 1 configured grants with some simplifications.
4.1 Configurations for NR mode-1 SL
4.1.1 NR Uu configured grant configuration
The design of NR sidelink structure and procedure is continuing to be discussed, and more agreements are still needed to make how NR sidelink mode-1 works clear. In the meantime, NR Uu configured grant configuration is a suitable a starting point to discuss the details of configuration for NR sidelink mode-1 type 1 by LTE Uu. 
The configuration for the configured grant is as follows [6]:
[bookmark: _Toc535261426]–	ConfiguredGrantConfig
The IE ConfiguredGrantConfig is used to configure uplink transmission without dynamic grant according to two possible schemes. The actual uplink grant may either be configured via RRC (type1) or provided via the PDCCH (addressed to CS-RNTI) (type2).
ConfiguredGrantConfig information element
-- ASN1START
-- TAG-CONFIGUREDGRANTCONFIG-START

ConfiguredGrantConfig ::=           SEQUENCE {
    frequencyHopping                    ENUMERATED {intraSlot, interSlot}                                		   OPTIONAL,   -- Need S,
    cg-DMRS-Configuration               DMRS-UplinkConfig,
    mcs-Table                           ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder          ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    uci-OnPUSCH                         SetupRelease { CG-UCI-OnPUSCH }                                         OPTIONAL,   -- Need M
    resourceAllocation                  ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch },
    rbg-Size                            ENUMERATED {config2}                                                    OPTIONAL,   -- Need S
    powerControlLoopToUse               ENUMERATED {n0, n1},
    p0-PUSCH-Alpha                      P0-PUSCH-AlphaSetId,
    transformPrecoder                   ENUMERATED {enabled, disabled}                                          OPTIONAL,   -- Need S
    nrofHARQ-Processes                  INTEGER(1..16),
    repK                                ENUMERATED {n1, n2, n4, n8},
    repK-RV                             ENUMERATED {s1-0231, s2-0303, s3-0000}                                  OPTIONAL,   -- Need R
    periodicity                         ENUMERATED {
                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,
                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,
                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,
                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,
                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,
                                                sym1280x12, sym2560x12
    },
    configuredGrantTimer                    INTEGER (1..64)                                                     OPTIONAL,   -- Need R
    rrc-ConfiguredUplinkGrant               SEQUENCE {
        timeDomainOffset                        INTEGER (0..5119),
        timeDomainAllocation                    INTEGER  (0..15),
        frequencyDomainAllocation               BIT STRING (SIZE(18)),
        antennaPort                             INTEGER (0..31),
        dmrs-SeqInitialization                  INTEGER (0..1)                                                  OPTIONAL,   -- Need R
        precodingAndNumberOfLayers              INTEGER (0..63),
        srs-ResourceIndicator                   INTEGER (0..15)                                                 OPTIONAL,   -- Need R
        mcsAndTBS                               INTEGER (0..31),
        frequencyHoppingOffset                  INTEGER (1.. maxNrofPhysicalResourceBlocks-1)                   OPTIONAL,   -- Need R
        pathlossReferenceIndex                  INTEGER (0..maxNrofPUSCH-PathlossReferenceRSs-1),
        ...
    }                                                                                                           OPTIONAL,       -- Need R
    ...
}

CG-UCI-OnPUSCH ::= CHOICE {
    dynamic                                 SEQUENCE (SIZE (1..4)) OF BetaOffsets,
    semiStatic                              BetaOffsets
}

-- TAG-CONFIGUREDGRANTCONFIG-STOP
-- ASN1STOP

According to the agreement, the configuration from LTE Uu for NR sidelink mode-1 type 1 is restricted to time/frequency resources and periodicity. Hence, the green highlighted parameters of the NR Uu configured grant are needed. 
Proposal 15: The function LTE Uu configuration of NR sidelink mode-1 type 1 is supported by the following parameters:
· resourceAllocation
· periodicity                         
· configuredGrantTimer
· timeDomainOffset      
· timeDomainAllocation
· frequencyDomainAllocation
· frequencyHoppingOffset
4.1.2 More necessary configuration needed for NR mode-1 SL
The configuration restricted to time/frequency resources and periodicity aims to simplify/facilitate network management and/or UE implementation, based on an assumption that it is challenging for an eNB to obtain dynamic information about the NR sidelink without introducing new feedback information over LTE Uu and changes in eNB schedulers. Thus the agreement assumes the LTE network provides time and frequency domain resources, and leaves the selection and adaption of transmission schemes and parameters to sidelink transmission UEs, e.g., MCS/TBS, etc, in a way similar to how the LTE sidelink works, even in mode 3. 
However, if some parameters as cyan highlighted from NR Uu configured grant configuration, e.g., , dmrs-Seqinitialization, etc, are up to sidelink transmission UE choice, such parameters need to be indicated dynamically on the NR sidelink, which would unnecessarily increase the size of control information, whether carried by SCI or DMRS. Therefore, such parameters would be better to be configured by LTE Uu configuration as well. The detailed parameters to be configured can be determined after the design of NR sidelink configured grant type 1 is complete. 
Proposal 16: In addition to the parameters related to time/frequency resources & periodicity, some other parameters of NR Uu configured grant are needed for LTE Uu configuration of NR sidelink mode-1 type 1. The detailed parameters to be configured can be determined after the design of NR sidelink configured grant type 1 is complete.
In addition, RAN2 has agreed at RAN2#105bis [7] that multiple active configured sidelink grants are supported in NR sidelink mode 1. It is natural that NR sidelink mode 1 operation supports the same  number of type 1 configured grants when under LTE Uu control. 
Proposal 17: NR SL mode 1, when controlled by LTE Uu, supports the same number of Type 1 configured sidelink grants as when controlled by NR Uu.
For some advanced V2X service scenarios (e.g., platooning) temporary blockage of the LTE Uu link can be addressed in a similar way as in case of NR Uu controlling NR SL mode-1 communications in [8]. That is, during a temporary connection interruption, the NR UE can start or continue using a NR SL type-1 configured grant previously provided by the eNB.
Proposal 18: When it experiences RRC connection interruption, the NR UE can start or continue using a NR SL type-1 configured grant which was provided by the eNB, following procedures defined for the NR Uu interface.
4.2 Configurations for NR mode-2 SL
Regarding NR mode-2 SL, it was agreed that mode 2 supports the sensing and resource (re)-selection procedures and FFS resource granularity for sensing and resource (re)-selection, e.g., PRB(s), slots, resources patterns, etc. Therefore, the resources for NR mode-2 SL sensing and resource (re)-selection procedures will be configured by gNB. 
RAN2 has agreed at RAN2#105bis [3] that:
· LTE Uu supports configuration for NR mode-2 operation through RRC signaling and through SIB signaling. However, on demand or per valid area mode-2 configuration via SIB signaling is not supported.
· New system information block type should be designed to support NR sidelink Tx and Rx resource pool configuration via LTE Uu. New system information will be defined as container (OCTET STRING) and actual information will follow what is defined in NR RRC.
· eNB should be able to configure the NR V2X mode 2 sidelink resource pool or type 1 configured grant for NR V2X sidelink communication via dedicated signalling.
More agreements in RAN1 are needed for NR sidelink mode-2 operation regarding sensing and resource (re)-selection working in the control of NR Uu. According to the RAN2 agreement, that new system information block will be designed to support NR sidelink Tx and Rx resource pool configuration and it will be defined as a container, and follow what is defined in NR RRC. Hence, for NR V2X mode 2 sidelink resource pool configuration via dedicated signaling, the signaling design should follow what is defined in NR dedicated signaling. 
Proposal 19: For NR V2X mode 2 sidelink resource pool configuration via dedicated RRC signaling from LTE Uu, information contained in the dedicated signaling will follow what is defined in NR RRC dedicated signaling.
5 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 at least 4 transmissions of a single TB. 
· How to efficiently schedule at least 4 transmissions of a single TB in one DCI/SCI should be investigated.
Proposal 2: Tx resource pool ID is indicated in DCI to support flexible Tx resource pool selection within a SL BWP.
Proposal 3: Similarly to a configured grant for NR Uu by the gNB that provides resources exclusively for data transmission by the UE on PUSCH, a configured grant for NR SL by the gNB provides resources exclusively for data transmission by the UE on PSSCH.
Proposal 4: For NR SL mode 1, repetition or blind retransmission in non-consecutive slots is supported. 
Proposal 5: TFRPs are configured via RRC for type-1 configured grant and indicated in DCI for configured grant type 2.
Proposal 6: In order to meet the latency/reliability requirements of advanced NR V2X use cases, at least for SL configured grant type 1, no PSCCH is associated with PSSCH.
Proposal 7: For SL configured grant, Rx UE(s) are configured through PC5-RRC signaling for unicast and groupcast scenarios. A periodic SCI is used to configure Rx UEs in the case of broadcast scenario
Proposal 8: 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, MCS, and a threshold defining the validity of the grant upon Uu RRC connection interruption. 
Proposal 9: Clarify that the multiple configurations of mode 1 SL configured grants are per SL BWP per cell.
Proposal 10: Similarly to NR UL configured grant, HARQ process ID of SL configured grant should be determined as a function of the physical resources.
Proposal 11: For a UE configured/scheduled with repetitions of a TB, early termination based on ACK received from Rx UE should be supported.
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 report to the gNB a list of nearby UEs to/from which they can mitigate sidelink interference on particular resources, in order 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.
Proposal 15: The function LTE Uu configuration of NR sidelink mode-1 type 1 is supported by the following parameters:
· resourceAllocation
· periodicity                         
· configuredGrantTimer
· timeDomainOffset      
· timeDomainAllocation
· frequencyDomainAllocation
· frequencyHoppingOffset

Proposal 16: In addition to the parameters related to time/frequency resources & periodicity, some other parameters of NR Uu configured grant are needed for LTE Uu configuration of NR sidelink mode-1 type 1. The detailed parameters to be configured can be determined after the design of NR sidelink configured grant type 1 is complete.
Proposal 17: NR SL mode 1, when controlled by LTE Uu, supports the same number of Type 1 configured sidelink grants as when controlled by NR Uu.
Proposal 18: When it experiences RRC connection interruption, the NR UE can start or continue using a NR SL type-1 configured grant which was provided by the eNB, following procedures defined for the NR Uu interface.
Proposal 19: For NR V2X mode 2 sidelink resource pool configuration via dedicated RRC signaling from LTE Uu, information contained in the dedicated signaling will follow what is defined in NR RRC dedicated signaling.

Observation 1: UE motion may adversely impact the performance of sidelink resource allocation.
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