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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#95, agreements have been reached regarding NR mode 1 sidelink resource allocation [1]:
Agreements:
The following NR sidelink resource allocation techniques by NR Uu for mode-1 are supported:
· Dynamic resource allocation
· Configured grant 
· FFS whether type-1 and/or type-2 
Other agreements were achieved related to NR Uu control of LTE sidelink mode-3 as copied below:
Agreements:
· In continuing evaluating NR Uu scheduling of LTE sidelink mode-3, consider at least:
· What will be required on the UE side to support such feature 
· DCI design (e.g., whether DCI 5A can be reused)
· Deployment scenarios where it is beneficial

These agreements follow from previous agreements in RAN1#94bis about LTE-Uu control of NR sidelink mode-1 and mode-2 communications
Agreements:
· 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:
· It is supported that NR Uu provides necessary semi-static configuration for mode-4 LTE SL communications
· From RAN1 perspective, signalling should be similar to LTE in terms of UE-specific or cell-specific
· Signalling details up to RAN2
· Further study feasibility, benefits (others than ones already identified for LTE) and impact of NR Uu managing LTE mode-3 SL communications. 

In this paper, we discuss NR V2X mode 1 sidelink resource allocation/configuration. In particular, we discuss the pros and cons of NR SL mode-1 configured grant type-1 and type-2.  We also identify necessary enhancements to NR Uu and LTE Uu to control NR sidelink and LTE sidelink. Note that in companion paper [2], we discuss NR SL mode 2 resource allocation/configuration and in  companion papers [8, 9], we discuss NR Uu being used to control LTE sidelink and LTE Uu being used to control NR sidelink, respectively.
2 [bookmark: _Ref129681832]NR SL mode 1 resource allocation 
For LTE, including LTE V2X, both dynamic and semi-persistent scheduling are supported. For NR Uu, uplink grant-free (i.e. UL transmission without grant) is also supported, which is motivated by the high reliability and latency requirement of URLLC. The advanced V2X applications that should be supported by NR V2X sidelink have stringent latency and reliability requirements similar to those supported by URLLC. Thus, it is natural to consider configured grant scheduling for SL to meet those stringent latency and reliability constraints. 
In NR V2X, dynamic scheduling by gNB can provide full network control and flexible scheduling decisions to optimize the performance of in-coverages UEs. Note however that using dynamic scheduling requires sending scheduling requests (SRs), buffer status reports (BSRs) and scheduling grants (SGs). Depending on the nature of the traffic, this may be costly, both in terms of signaling and overhead.  Depending on traffic patterns (periodic/aperiodic), number of users, coverage, mobility, and QoS requirements, dynamic and semi-static, i.e. configured grant (CG) scheduling could yield different performance benefits and should be supported.
2.1 SL CG resource allocation
In this section, we discuss the pros and cons of SL mode 1 CG resource allocation schemes for NR V2X. We mainly focus on CG resource allocation given that dynamic scheduling was already agreed to be supported in last meeting. In particular, we clarify the definitions of CG type 1 and type 2 for SL communications, emphasize the benefits of CG type 1 over CG type 2 in terms of enabling to meet the latency and reliability requirements of NR V2X advanced use cases, and propose to support either CG type-1 only or both CG type 1 and CG type 2. 
CG Type 1:
SL CG type 1 transmission can provide very low latency and high reliability that can satisfy advanced NR V2X requirements in a similar way as UL CG has been shown to meet NR URLLC requirements. 
For mode 1 sidelink transmission, CG type-1 resource allocation can be similar to NR uplink configured grant Type 1 transmission in the sense that the resource and transmission parameters for the UE can be configured by RRC signaling. However, unlike NR uplink configured grant transmission where the gNB receives UL CG transmissions from the UEs, sidelink grant-free transmission may include some sidelink control information (SCI) from the transmitting UE to assist with receiving UE decoding.  
This paper considers SL mode 1, but note that in SL mode 2, CG resources may be RRC configured for in-coverage UEs and pre-configured for out-of-coverage UEs. CG type 1 also fits the definition of a mode 2 scheme as no dynamic scheduling from gNB is required. More details on the CG type 1 under SL mode 2 can be found in our companion paper [2].

CG Type 2:
SL semi-persistent scheduling (SPS) in LTE V2X is motivated by overhead reduction of dynamic scheduling for periodic traffic. For NR-V2X, a CG Type 2-like resource allocation scheme can be considered for the similar purpose as LTE SL-SPS. CG Type 2 for SL relies on RRC signaling along with activation/deactivation by DCI.
Table 1 provides a summary of the key differences and similarities between SL CG Type 1 and Type 2 in terms of resource (re)configuration, activation/deactivation, repetitions and support for multiple configurations. 






Table 1: Summary of key differences and similarities between SL CG Type 1 and Type 2

	Category
	CG Type 1
	CG Type 2

	
Resource (re)configuration and activation/deactivation
	· RRC only
· RRC configures all T/F resources as well as transmission parameters such as RS, MCS, repetitions, etc.
	· RRC + L1/L2 control signaling
· RRC configures only periodicity and DCI configures frequency resources and other transmission parameters             

	
Activation/deactivation
	
· No activation or deactivation by DCI
	· Yes
· UE needs to wait for DCI activation to start the transmission
· UE needs to send MAC CE as an acknowledgement for L1 signaling

	Repetitions
	· K repetitions to improve reliability 
	· K repetitions to improve reliability 

	Multiple configurations
	· Multiple configurations per serving cell
	· Multiple configurations per serving cell




In the following, we compare CG Type 1 and CG Type 2 in terms of which types of traffic can be supported by each scheme, and in terms of meeting the latency, reliability and coverage requirements of NR V2X advanced use cases. We also compare the amount of standardization efforts required by each scheme and whether they can be semi-statically controlled by LTE Uu.

2.1.1 Traffic type: 
CG Type 1 is suitable for low-latency and high-reliability services with sporadic and non-periodic packet arrivals, e.g., URLLC. It can also support services with periodic packet arrivals, e.g., VoIP as well as massive small packet transmissions with low cost and signaling overhead such as in cooperative sensor applications. CG Type 2 on the other hand is mostly suitable moderate-to-low-latency services with known traffic patterns, e.g., periodic packets such as VoIP, which is the main reason why SPS was introduced in LTE V2X.
2.1.2 Latency:
End-to-end (E2E) latency as low as 3ms is required for advanced V2X applications. As E2E latency includes core network latency, it can be argued that the air interface can be as low as 1ms for certain NR V2X applications. As explained earlier, Type 2 is more suitable for periodic traffic as for aperiodic traffic or a mixed type (periodic and aperiodic) traffic, the gNB has no idea when to dynamically activate/de-activate the Type 2 CG via DCI and may effectively need to pre-activate it at the time of RRC signaling. This issue is all the more problematic for CG Type 2 with multiple configurations (unless the multiple configurations are (de)activated simultaneously which is not ideal) whereas such an issue does not exist for CG Type 1 which is suitable for both periodic and aperiodic traffic. 
Aside from the issue of the gNB not knowing when to dynamically activate/deactivate CG Type 2 for aperiodic traffic, there is also an inherent latency in CG Type 2 due to the activation procedure.As illustrated in Figure 1, the added latency compared to CG Type 1 is depicted as T= T2- T1in case CG Type 2 is activated right after RRC signaling.
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Figure 1 Latency analysis for SL CG Type 1 and Type 2.
It is seen from the figure that for CG Type 1, the UE can start using the configured grant as soon as the corresponding RRC signaling is correctly received by the UE whereas for CG Type 2, added latency is caused by the need for the UE to send RRC (re)configuration complete message to the gNB upon which the gNB may send the L1 activation DCI. The UE also needs to acknowledge the activation/deactivation of the CG Type 2 by sending a MAC control element in the uplink which further adds to the latency of CG Type 2 with respect to CG Type 1. It should be noted that if the activation for CG Type 2 happens at a later time after the RRC signaling for example based on UE reporting information, then the additional latency and overhead compared to CG Type 1 would still due to the latency and overhead costs caused by UE reporting information, DCI activation and MAC CE confirmation.  
During offline discussions in RAN1#95, it has been argued by one company that in order to alleviate the additional latency cost for CG Type 2 compared to CG Type 1, gNB can activate a Type 2 CG contemporaneously with the RRC configuration, so that the CG Type 2 would be pre-activated and immediately available for the UE to use without incurring the an additional latency cost compared to CG Type 1. In our view, the only benefit of dynamic activation by DCI for CG Type 2 compared to CG Type 1 under gNB control relates to the ability for fast adaptation owing to the time flexibility of configuration/activation. Therefore, when a Type 2 CG is pre-activated at the time of RRC signaling, it does lose the aforementioned time flexibility benefit compared to CG Type 1 and essentially it becomes a CG Type 1 with an activation mechanism based on L1/L2 signaling rather than RRC signaling. As is well known, RRC signaling is more reliable than L1/L2 signaling and if only for that reason CG Type 1 should be supported rather a disguised CG Type 1 in the form of a pre-activated CG Type 2.
2.1.3 Signaling reliability and configuration cost:
As PDCCH is used to activate/de-activate CG Type 2 and a MAC CE confirmation is used to increase the reliability of the L1 signaling, then CG Type 2 is inherently less reliable than CG Type 1 which relies on RRC signaling for configuration and activation. As is well known, RRC signaling is more reliable than L1/L2 control signaling due to the use of ARQ retransmissions at the RLC layer. 
Furthermore, in order to increase the reliability of PDCCH for the (de)activation of CG Type 2 to reach 99.999% reliability as required by certain V2X applications, aggregation levels of 8/16 CCEs per PDCCH are needed to transmit such PDCCH [5]. 8 CCEs means 48 PRBs in one OFDM symbol. In the case of an emergency event where a moderate number of UEs suddenly need to use, or jointly use a certain SL service that they previously were not expected to need, then they must be activated simultaneously and could stress the downlink control channel resources or reliability. If high aggregation levels of 8/16 CCEs per PDCCH are used to address such high number of UEs in the downlink for the purpose of activating/deactivating CG Type 2, then this may lead to PDCCH blocking issues.
2.1.4 Coverage:
SL CG type 1 can be used for both in-coverage and out-of-coverage UEs given that no DCI needs to be received from gNB. Out-of-coverage operation can be useful at least under intermittent coverage situations as explained in Section 2.4, whereas SL CG type 2 cannot be used in out-of-coverage scenario because it requires DCI reception at the Tx UE. On the other hand, it is possible to extend its usage for out-of-coverage by providing a threshold condition (e.g., a timer) associated with the grant, as discussed in Section 2.4 (cf. Proposal 7).  
2.1.5 Semi-static control by LTE Uu:
LTE Uu and NR Uu provide semi-static configuration for NR mode-2 and LTE mode 4 sidelink communications, respectively. With configured grant Type 1 support in NR mode-1, LTE Uu can control NR mode 1 CG Type 1 SL communication as only RRC signalling is required, compared to CG Type-2 and dynamic scheduling which both require dynamic signaling through DCI. Therefore, supporting CG Type 1 would allow LTE Uu to semi-statically control not only NR mode-2 but also NR mode-1  SL communications.
2.1.6 Standardization efforts:
From resource configuration aspect, the standardization effort for CG Type 1 is less than Type 2 as it only relates to RRC signaling design, while Type 2 needs DCI design together with RRC configuration, and may introduce some change in DCI format/content compared with dynamic scheduling. 
Similarly, for the extension to multiple resource configurations, the standardization effort will be less for Type 1 as only RRC configuration is needed and more efforts are needed for Type 2 as activation/deactivation of multiple configurations also needs to be studied.

Table 2 provides a comparative summary between CG Type 1 and Type 2 in terms of which types of traffic can be supported by each scheme, in terms of meeting the latency, reliability and coverage requirements of NR V2X advanced use cases and whether it can be semi-statically controlled by LTE Uu. 

Table 2: Comparative summary between SL CG Type 1 and Type 2 in terms of meeting the latency, reliability and coverage requirements
	Category
	CG Type 1
	CG Type 2

	

Traffic type
	
· Sporadic and non-periodic traffic
· Traffic arrival not predictable
· Can also support services with periodic packet arrivals, e.g., VoIP
	
· Periodic traffic such as VoIP

	Latency
	· Simple resource (re-)configuration suitable for unknown traffic pattern (event driven and sporadic)


· Suitable for ultra-low and low latency services
	· Higher than CG Type 1 due to:
a) UE needs to wait for DCI activation to start the transmission
b) UE needs to send MAC CE as an acknowledgement for L1 signaling
· Suitable for moderate latency services

	Signaling reliability & configuration cost
	· Simple resource (re-)configuration with no L1 signaling overhead and relies on robust RRC signaling, which is especially suitable for ultra-to-highly reliable use cases
	· Lower signaling reliability than CG Type 1 due to the use of L1 signaling in addition to RRC signaling
· Higher configuration cost in terms of PDCCH resources
· Suitable for moderately reliable use cases

	Coverage
	· Suitable for in-coverage and out-of-coverage
	· Suitable for in-coverage only due to the use of L1 signaling

	Semi-static control by LTE Uu
	· Yes (only RRC signaling is required)
	· No because DCI is required for activation/deactivation



Therefore, we have the following proposal:

Proposal 1: NR SL mode 1 should support configured grant Type 1 only or both configured grant Type 1 and Type 2. 

2.2 Reliability and latency control
In LTE Release 12 D2D transmission mode 1, DCI indicates the time domain transmission pattern bitmap for UEs to determine the resources for SL transmission. LTE V2X mode 3 supports up to two transmissions of the same TB, where the gap between the two transmissions is signaled in DCI and SCI. To meet the higher reliability and latency requirements of the NR V2X applications (cf. [2, Table 1]), NR SL mode 1 should support allocation of UE-specific time-frequency repetition patterns (TFRP) with different numbers of repetitions depending on the resource availability and the QoS requirements of the UE. These TFRPs could be indicated via DCI for dynamic or semi-persistent scheduling and via RRC for GF. 
Proposal 2: For reliability and latency enhancement, NR sidelink mode 1 supports allocation of SL time-frequency repetition patterns indicating the time/frequency locations of the repetitions for a given TB.
Proposal 3: TFRPs are indicated via DCI for dynamic scheduling or type-2 configured scheduling and via RRC for type-1 configured scheduling.
2.3 Multiple configured grant (CG) configurations for SL
In RAN1#94bis, it was agreed that for Uu for advanced V2X use cases, NR supports having multiple active UL configured grants in a given BWP in a given cell [6].  Multiple configured grant (CG) configurations with different configuration parameters are beneficial in order to address message characteristics of V2X services and support different types of service and traffic. In fact, benefits of multiple resource configurations per UE have been discussed for the same reasons in LTE V2X [7].  
A UE can be transmitting sidelink packets from different traffic classes (QCIs) with different latency and/or bit rate requirements so that a single configured grant resource may not be enough. Therefore, mode 1 UEs should have multiple configured grants suitable for different loads, latency, reliability and traffic types which they can use accordingly: One configured grant can be tailored to a 100-byte packet and another to 1kB packet. The UE can dynamically select a CG configuration that best suits a certain traffic type or packet size.
Proposal 4: Multiple configurations should be supported for SL configured grant UEs operating under mode 1.
2.4 Resource allocation for intermittent coverage 
In our previous contributions [11], [12] we have indicated the possible degradation in the performance of advanced V2X use cases utilizing NR SL mode 1 due to the problem of intermittent coverage. 
Similar problems are addressed by the contributions in RAN1 and RAN2. In particular, [14] points out possible instabilities in platooning scenarios caused by any abrupt changes in link quality, and proposes the resource configurations provided by a gNB to be used outside its coverage. The configuration could be also associated to a single UE [15], and should be provided in advance (e.g., providing pool configurations associated with the mode-2 UE’s expected route). On the other hand, in [16], the usage of so-called exceptional resources as in Rel-14/15 is indicated to be critical for high reliability applications, and further resource allocation discussion in RAN1 is necessitated. In [17], same problem from the viewpoint of vehicular mobility across several cells is tackled, and SL mode-1/2 resource configuration is proposed to be associated to a validity area. Similarly, [18] proposes associating SL resources for a certain period of time in a given geographical area, controlled by gNB, and further considers mode switching of UEs by Uu signaling. 
Moreover, the following agreements are reached in RAN2 [13] that necessitate the enhancements on Tx/Rx operations and configurations during RRC-related instabilities such as handover or cell (re)-selection, which may lead to the event of intermittent coverage:
· “Enhancements for the Tx/Rx operations and configurations during handover are needed for NR V2X sidelink communication, on top of the LTE baseline. Details are FFS.
· Regarding the cell (re)selection for V2X sidelink communication in NR, it is FFS whether/what new criterion/configuration is needed on top of the LTE baseline. It is up to UE implementation how to minimize the transmission/reception interruption for NR V2X sidelink communication during cell (re)selection.”
In general, the above approaches lead to the solutions involving the control of gNB on SL resources extended to intermittent or temporary out-of-coverage conditions, so as to maintain the performance of ongoing advanced V2X use cases, irrespective of the Uu coverage. Following a similar approach, we have the following proposals to handle the intermittent coverage problem, depending on the type of the out-of-coverage conditions.
In order to cope with out-of-coverage conditions that are unknown to the network beforehand, e.g., a sudden PDCCH disconnection due to a deep fast fading, gNB can pre-configure a “default” UE behavior, which allows the UEs to continue using their already-allocated resources, (e.g., configured grants), upon encountering any unforeseen out-of-coverage condition. The usage is allowed until a configured threshold of time is reached by the UE.
Proposal 5: To allow a UE that goes out-of-coverage to maintain reliable SL transmissions, gNB broadcasts a configuration allowing use of current in-coverage SL mode-1 grants until a configured threshold on e.g. time is reached.  
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Figure 2. UE continuing to use SL mode 1 resources upon encountering an out-of-coverage condition, until a certain threshold set by the gNB is met.
Figure 1 illustrates that SL mode 1 resources are used by a UE upon an out-of-coverage condition until the threshold condition is met. During this time, UE may reconnect back to the network. Then, the performance of ongoing V2V transmissions remains unaffected. Otherwise, UE gains time to prepare for adapting its transmissions for the rest of the out-of-coverage. For example, UE can prepare to use Mode-2 resources and, if necessary, adjust the application behavior (e.g., adapt the platoon distance). The latter corresponds to the coexistence of two modes, as mode-1 transmissions are “extended” to out of coverage while UEs start any mode-2 related procedure. Note that this is one of the possible scenarios agreed in RAN2 [13]:
“RAN2 will support the case a UE can be configured to perform both mode-1 and mode-2 at the same time assuming RAN1 does not have concern on it. FFS on the scenario which it is applicable.”
The configuration provided by the gNB can also be UE-specific. This is particularly relevant in case the out-of-coverage condition is known to the network beforehand, e.g., via detecting a decrease in RSRP values in the UE measurements.
Proposal 6: gNB can indicate a UE-specific expiry threshold associated with a SL mode-1 resource that allows the UE which goes out-of-coverage to continue using its in-coverage mode-1 SL grant until the threshold is reached.
Furthermore, in the case of relatively longer durations of out-of-coverage conditions known to the network, e.g., a tunnel road without coverage, gNB can provide a “pre-configured grant” for the UEs to use during this intermittent out-of-coverage period. In addition to the case of continued use in OOC of the same resources used in-coverage, the pre-configured resources can also be assigned specifically for OOC. gNB can indicate additional threshold (e.g., time) during which the UE can use specific resources (e.g., a persistent schedule repeating periodically until a given threshold).
Proposal 7: gNB indicates to a UE a pre-configured set of resources for OOC, with a threshold (e.g., time) during which the UE can use those resources.
2.5 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 8: In case of unicast and groupcast transmissions, UEs may report measurements, or information derived from such measurements (e.g., preferred resources), to support sidelink scheduler.
2.6 Multi-antenna enhancement on sidelink scheduling 
For LTE-V mode-3, UEs report their location to the eNB. Having no sidelink channel knowledge, the sidelink scheduler allocates orthogonal resources (in time and/or frequency) to nearby UEs, in order to prevent mutual interference. However, transmissions from nearby UEs may not interfere in case the UEs transmissions are directional, e.g., due to the antenna pattern or due to multi-antenna transmission capabilities. While this is true at any frequency, this can be exploited to the fullest in mmW domain where transmissions are often directional.
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[bookmark: _Ref528234445]Figure 3. Reporting to gNB of ability to suppress sidelink interference
As shown in Figure 2, UEs may report to gNB their ability to suppress interference to/from nearby UEs. For example, when UE  requests a resource for transmission to UE , it may report a set of one or more nearby UEs  toward which it can ensure very little or no energy will be radiated (e.g., by transmit beamforming) when transmitting to UE . Similarly, UE  may report a set of one or more nearby UEs  from which it can suppress interference (e.g., by receive beamforming) when receiving from UE . The sidelink scheduler (gNB) can then exploit this knowledge to schedule non-conflicting nearby transmissions in the same resources, thus increasing resource reuse and network capacity. Therefore, while in LTE-V only the distance between UEs is used to assign the resources, in case of directional/beamformed transmissions the gNB can use additional information on the possible interference between UEs – as signaled by the involved UEs – to more efficiently assign the resources.

Observation 1: A radio resource may be reused by nearby UEs in case of non-isotropic transmissions.
Proposal 9: UE may report to gNB information on its ability to suppress interference to/from other UEs. 

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 2: 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 six motion classes (slow, medium and fast lanes on 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 10: Configuration of resource pools based on UE motion is supported.
4 Sidelink resources allocation/configuration in cross-RAT control
The necessary enhancements of LTE Uu to control NR sidelink is discussed in detail in [9]. The study points include different numerologies between LTE Uu and NR sidelink, timing from DCI reception to sidelink transmission, LTE Uu standard TDD DL/UL configurations, NR sidelink supports unicast/groupcast which are new to LTE Uu, and potential DCI blind decoding increase. 
The necessary enhancements of NR Uu to control LTE sidelink is discussed in detail in [10], where the study includes different numerologies between LTE Uu and NR sidelink, the timing from DCI reception to sidelink transmission, NR Uu BWP and slot formats which are new to LTE sidelink, and potential DCI blind decoding increase. 
It is noted that for LTE Uu controlling NR SL, NR Uu controlling LTE SL, and NR Uu controlling NR SL, some issues are common so that the enhancements might be applicable generally and specification efforts for cross-RAT control is acceptable on top of NR Uu controlling NR SL. The issues and enhancement solutions (specification impact) are summarized in Table 1. 
[bookmark: _Ref531765744]Table 1: Specification impact summary
	
	NR Uu scheduling NR SL
	LTE Uu scheduling NR SL
	NR Uu scheduling LTE SL

	Different numerologies between Uu and SL
	SL and Uu can have the same or different SCSs. 
	SL and Uu can have the same or different SCSs.
	SL and Uu can have the same or different SCSs.

	Timing between DCI rx to SL tx
	Needs to be specified. E.g., n + offset, and where n is the slot where DCI is received and the offset is indicated in the DCI.
	Needs to be specified. Timing is fixed or e.g., n + offset, and where n is the slot where DCI is received and the offset is indicated in the DCI. 
	Needs to be specified. E.g., , where n is the slot where DCI is received and  is 0, 1, 2, 3, 4 corresponding to 15, 30, 60, 120, and 240 kHz, respectively. 

	Possible DCI blind decoding increase 
	NR supports configurable search space, candidates, formats for UE monitoring to control the blind decoding complexity. 
	No specification impact. The same DCI size can be kept by padding.  
	NR supports configurable search space, candidates, formats for monitoring to control the blind decoding complexity.

	NR Uu BWP,
NR SL BWP
	Resources for NR BWP/resources pool are configured by NR Uu.  RRC signaling needs to be specified.
	Resources for NR BWP/resources pool is configured by LTE Uu.  RRC signaling needs to be specified. 
	No specification impact. Up to gNB implementation to configure appropriate resources for LTE SL. 

	NR Uu slot format when SL shares Uu carrier
	Design of resources for SL in the carrier with Uu slot format needs to be specified. 
	NA
	No specification impact. Up to gNB implementation to configure appropriate resources for LTE SL.

	NR SL supports unicast and groupcast
	Design of support unicast/groupcast and HARQ-ACK feedback needs to be specified. 
	Design the HARQ-ACK feedback for unicast/groupcast or HARQ-ACK feedback is turned off in LTE Uu.
	NA

	LTE Uu standard TDD DL/UL configuration
	NA
	No specification impact. Up to eNB implementation to configure appropriate resources for NR SL.
	NA



Observation 3: Cross-RAT control does not involve additional issues comparing to NR Uu scheduling NR sidelink. 
Proposal 11: LTE Uu provides semi-static and dynamic control of NR mode-1 SL communications. 
Proposal 12: NR Uu provides semi-static and dynamic control of LTE mode-3 SL communications. 

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: NR SL mode 1 should support configured grant Type 1 only or both configured grant Type 1 and Type 2. 
Proposal 2: For reliability and latency enhancement, NR sidelink mode 1 supports allocation of SL time-frequency repetition patterns indicating the time/frequency locations of the repetitions for a given TB.
Proposal 3: TFRPs are indicated via DCI for dynamic scheduling or type-2 configured scheduling and via RRC for type-1 configured scheduling.
Proposal 4: Multiple configurations should be supported for SL configured grant UEs operating under mode 1.
Proposal 5: To allow a UE that goes out-of-coverage to maintain reliable SL transmissions, gNB broadcasts a configuration allowing use of current in-coverage SL mode-1 grants until a configured threshold on e.g. time is reached.  
Proposal 6: gNB can indicate a UE-specific expiry threshold associated with a SL mode-1 resource that allows the UE which goes out-of-coverage to continue using its in-coverage mode-1 SL grant until the threshold is reached.
Proposal 7: gNB indicates to a UE a pre-configured set of resources for OOC, with a threshold (e.g., time) during which the UE can use those resources.
Proposal 8: In case of unicast and groupcast transmissions, UEs may report measurements, or information derived from such measurements (e.g., preferred resources), to support sidelink scheduler.
Proposal 9: UE may report to gNB information on its ability to suppress interference to/from other UEs. 
Proposal 10: Configuration of resource pools based on UE motion is supported.
Proposal 11: LTE Uu provides semi-static and dynamic control of NR mode-1 SL communications. 
Proposal 12: NR Uu provides semi-static and dynamic control of LTE mode-3 SL communications. 

Observation 1: A radio resource may be reused by nearby UEs in case of non-isotropic transmissions.
Observation 2: UE motion may adversely impact the performance of sidelink resource allocation.
[bookmark: _GoBack]Observation 3: Cross-RAT control does not involve additional issues comparing to NR Uu scheduling NR sidelink. 
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